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PREFACE. 


The  publication  of  the  text  of  the  Lectures  on  Phj-aiology  wliich  the 
iLUthor  has  given  for  many  years  in  tlie  LTniversity  was  originally  con- 
templated at  the  repeated  soHcitation  of  Ms  ptipila,  who  have  felt  the  ne- 
cessity of  having  an  outline  of  the  science  in  its  present  state  auSiciently 
brief  for  tlieir  use. 

There  are  some  advantages  attending  such  a  publication  of  matter 
which  has  been  employed  in  Lectures.  Among  the&e,  condensation  or 
compactTiesa  may  be  pnrticularly  mentioned.  It  ia  not  possible  to  in- 
struct, for  any  length  of  time,  claaaes  of  many  hundred  persona  without 
detecting  the  more  obvious  imperfections  of  the  course.  An  intelligence 
quickly  springs  up  between  the  professor  and  his  audience,  which  wn- 
mistakably  indicates  to  him  where  he  is  too  diffuse  and  where  obscure. 

But  tliere  are  also  diaad vanities,  more  especially  where  Lectures  arc 
not  read,  but  delivered  orally  from  a  text.  Such  a  text,  if  published, 
will  show  many  obscurities  in  its  descriptions  which  were  perhaps  re- 
moTed  in  the  discourse. 

To  write  a  complete  treatise  on  Physiologj"  demands  an  extent  of 
knowledge  possessed  by  very  few  men.  What  science  ia  there  wliich  is 
not  involved  in  explaining  our  Htmctnrc  and  functions  ?  Anatomy,  Chem- 
iatry.  Zoology ■>  Botany,  Geology,  the  various  branches  of  Natural  Philos- 
ophy, which  themselves  require  as  their  foundation  Mathematics.  Well, 
therefore,  may  the  author  of  thia  book*  in  view  of  his  own  imperfections 
as  tried  by  such  a  standard,  express  his  opinions  with  hesitation,  and,  at 
the  conclusion  of  his  hilmr,  feci  regret  that  he  has  ever  undertaken  a 
work,  the  execution  of  which,  with  even  a  ■moderate  succcbs,  ia  so  haid. 
and  in  which  the  detection  of  multitndeiS  of  imperfections  ia  so  easy. 

The  science  of  Physiology  is  the  result  of  ttie  labors  of  thousands  of 
the  ablest  men  continued  for  centuries.  Though  of  course,  in  ita  ad- 
%-ance,  physiciana  have  taken  the  prominent  part,  it  is  also  under  raani- 
lest  obligations  to  men  wlio  did  not  belong  to  the  medical  profession. 
To  recall  the  names  of  its  many  cultivatora  would  liave  converted  the 
following  pages  into  a  Bcientific  history.  The  author  desires  to  draw 
his  readers'  attention  particularly  to  this  point,  since  he  has  found  lum- 
eelf  constrained,  by  the  pkn  and  si^e  of  lug  book,  to  avoid  such  a  course. 
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and  may  therefore  hare  exposed  himself  to  the  imputation  of  disregard- 
ing that  just  tribute  of  respect  which  is  due  to  those  who  have  done  so 
much  for  this  science.  He  trusts,  however,  that  in  this  he  will  not  be 
misunderstood,  and  that  his  pupils  and  readers  will  constantly  bear  in 
mind  that,  beyond  the  suggestion  of  a  trifling  fact  or  idea  here  and  there, 
the  matter  presented  is  not  original  with  him,  but  derived  from  other 
sources — the  author's  reading,  during  many  years,  of  the  chief  works  on 
Physiology  and  its  kindred  subjects. 

It  is,  however,  proper  to  remark,  that  of  contemporary  works.  Dr. 
Carpenter's  diflerent  treatises,  Todd  and  Bowman's  Physiological  Anat- 
omy, and  Kirkes'  and  Paget's  Hand-book,  are  employed  as  books  of 
reference  in  the  University.  Students  who  are  familiar  with  these  ex- 
cellent works  will  doubtless  recognize,  in  many  places  on  the  following 
pages,  the  effect  of  their  daily  use  in  imparting  coincidences  of  expres- 
sion. The  later  volumes  of  Dr.  Carpenter  have  become  encyclopedic  in 
their  scope.  They  are  repositories  in  which  may  be  found  all  the  known 
facts  of  Physiology  lucidly  arranged. 

As  respects  recent  monographs,  the  language  of  the  authors  themselves 
is  employed  wherever  it  was  possible. 

A  list  of  wood-cuts  is  annexed,  in  which  reference  is  given  to  the 
sources  from  which  those  not  original  have  been  derived.  In  the  ex- 
planations of  these  engravings,  the  description  used  is  that  of  the  authors 
themselves  wherever  it  was  possible,  and  it  is  incorporated  in  the  text ; 
as,  for  instance,  in  Book  I.,  Chapter  XVII.,  in  which,  the  engravings  be- 
ing derived  from  the  Neurology  of  Leveill6,  the  accompanying  descrip- 
tions are  merely  translations  from  the  French ;  or,  again,  in  Book  II., 
Chapter  VIL,  in  Dr.  Prichard's  statements  of  the  methods  of  examining 
the  skull. 

With  respect  to  the  original  engravings,  it  will  be  seen  that  many  have 
been  obtained  by  the  aid  of  microscopic  photography,  the  process  having 
been  so  far  improved  by  the  author  as  to  be  rendered  very  available  for 
these  uses.  Among  his  friends  who  have  taken  an  interest  in  his  ex- 
periments on  this  subject,  the  author  desires  particularly  to  express  his 
obligations  to  Mr.  Abbott,  whose  extensive  collection  of  objects  has  been 
liberally  open  to  him,  and  to  whose  love  of  science  many  of  the  best  il- 
lustrations in  this  volume  are  due. 

Photography  is  destined  to  render  important  services  to  science  as  well 
as  to  art.  Even  in  the  minor  application  of  enabling  us  to  obtain,  of  any 
desired  size,  correct  copies  of  originals,  it  is  of  great  use.  Nearly  all  tlie 
copied  engravings  of  this  work  have  been  thus  obtained  through  the  in- 
tervention of  photographs. 

Having  now  mentioned  the  sources  from  which  the  material  of  this 
book,  both"  textual  and  illustrative,  has  been  derived,  the  author  will  take 
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Icafe  to  make  a  few  remarks  respecting  the  manner  in  which  he  has  uactl 
this  material,  and  the  general  a3pect  he  has  giiven  to  his  work. 

He  has  suggested  tlie  division  of  the  whale  subject  into  two  hranchea, 
Statical  and  Dynamical  Physiology.  The  expediency  of  this  hag  been 
impressed  upon  his  attention  by  the  necessity  of  confonning  his  conrse 
of  Lectures  to  the  wants  of  a  medical  class.  The  physician  La  chiefly 
concerned  with  the  conditions  of  life — the  organic  functions,  as  diges- 
tion, respirattoD,  secretion,  etc.  The  doctrines  of  development,  and  the 
career  of  an  oi^nic  form,  arc  of  leas  pressing  interest  But  it  was  very 
soon  found  that  other  advantages  were  derived  from  this  subdivision,  as 
miglit  indeed  have  b^n  expected,  from  its  conformity  to  the  usages  of 
writers  on  other  hranchea  of  Pliysica]  Bcience.  Doubtless,  if  such  a  sep- 
aration be  accepted  by  physiological  authorities,  it  will  tend  to  the  more 
rapid  progress  of  both  portions  of  the  subject,  by  imparting  to  eiu:h  a 
more  deHnite  oflSce. 

Througliout  the  work  Physiology  ia  treated  after  the  manner  known  in 
Natnial  Philosophy.  It  was  chiefly,  indeed^  for  the  sake  of  aiding  in  the 
removal  of  the  mysticism  wMch  has  pervaded  the  science  that  the  au- 
thor was  induced  to  print  this  book.  jVlone,  of  all  tlie  great  depanments 
of  knowledge.  Physiology  still  retains  the  metaphysical  conceptions  of 
the  Middle  Ages,  from  which  Astronomy  and  Chemistry  have  made 
themselvea  free.  To  exorcise  it  from  such  nonentities  as  irritability, 
plastic  power,  vital  force,  is  the  duty  of  the  rising  generation  of  physi- 
cians. It  is  also  their  interest.  Empiricism  will  never  be  lianished 
from  the  practice  of  medicine  until  Physiology  ia  made  an  exact  science. 

The  reader  will  also  find  that  the  opportunity  is  taken,  wherever  it  oc- 
curs, of  directing  iiis  attention  to  those  arguments  which  the  subject  of- 
fe«  for  elucidating  the  moral  nature  of  man.  Believing  that  the  right 
progresa  of  society  depends  on  its  religious  opinions,  and  observing  with 
concern  the  growing  carelessness  which  is  manifested  in  these  respects 
in  our  times,  the  author  has  not  hesitated  to_  show  how  advantage  may 
be  taken  of  the  facts  presented  by  Physiology*  We  Live  in  a  period  of 
difl&culty.  Metaphysical  Philosophy  has  lost  its  bold  upon  the  human 
mind.  The  uncertainties,  contradictions,  and  emptiness  of  the  English, 
Scotch,  French,  and  German  scliools  are  manifest.  Alrerfdy  the  belief 
is  wide  spread  that  their  barrenness  of  result  and  consequent  worthless- 
ness  arc  the  neoeasary  incident  of  tlieir  method  of  investigation,  and  tiiat 
we  must  look  to  some  wholly  new  eystcm  as  a  gnido  to  truth  on  the 
topics  they  have  had  under  consideration.  That  guide  ia  Positive  Sci- 
ence. 

It  would  be  in  vain  to  discourage  the  cultivators  of  Positive  Science 
from  attempting  the  solution  of  questions  whicli  have  foiled  Speculative 
Philosophy.     The  attempt  will  certainly  be  roade,  and  will  inevitably 
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eonduct  us  to  tlie  tmtL.  Our  ccmcern  should  be  to  direct  it  from  the 
outset  in  the  right  coiiTBe. 

The  existence  of  God,  his  goodness,  power^  and  other  attributes ;  the 
existence  of  the  soul  of  man,  its  immortality  and  accountability ;  the 
future  life;  our  relations  to  and  position  in  the  world  ;  its  government: 
these  are  topics  with  which  Physical  Science  is  concerning  itself,  and  irom 
whicli  Physiology  can  not  hereafter  be  disconnected. 

In  what  is  said  upon  these  points,  the  author  has  ever  kept  in  view 
the  great  influence,  for  good  or  for  evU,  which  argumenta  based  upon  ma- 
terial and  tangible  facta  exert;  and,  without  in  any  instance  Bacrilicing 
what  he  believes  to  be  philoaopliical  truth,  he  has  tried  to  present  il  in 
such  a  way  as  to  be  conducive  to  our  highest  and  most  enduring  in- 
terests. 

If  the  actions  of  man  are  influenced  by  his  organization,  his  career 
must  1^  an  exposition  of  his  structural  condition,  and  his  history  a  branch 
of  Piiysialogy.  In  a  very  imperfect  way,  the  author  has  attempted  an 
innovation  based  on  these  considerations.  It  is  only  an  outline  of  the 
manner  in  which  that  interesting  and  extensive  subject  might  be  dealt 
with.  Viewed  according  to  the  methods  of  Positive  Philosophy,  there 
are  but  two  classes  of  facts  which  can  be  admitted  into  our  discussions 
respecting  man.  They  are  those  which  are  fumislied  by  his  structure 
and  functions,  and  tliose  wliich  may  be  gathered  from  his  historical  ca- 
reer.    The  proper  presentation  of  the  latter  alone  would  require  a  volume. 

To  the  medical  profession,  as  matters  now  stand,  nothing  is  of  more 
importance  than  the  dissemination  of  physiological  knowledge.  Empiri- 
cism could  not  flourish  as  it  does  if  the  structure  and  functions  of  the 
body  of  man  were  better  understood*  How  many  advantages  would 
arise  if  the  elements  of  this  science  were  made  n  part  of  general  educa- 
tion in  America!  What  branch  of  knowledge  lias  intrinaically  a  better 
title  thereto  ?  Is  It  at  all  to  be  wondered  at  that  every  kind  of  medical 
imposture  prospers  in  communities  where  almost  every  one  believes  that 
a  man  has  one  rib  lc33  than  a  woman^  and,  even  among  persona  pretend- 
ing to  education,  scarcely  one  can  be  found  who  has  a  distinct  idea  of  tlie 
size^  &hape,  and  position  of  his  own  stomacli? 

Such  a  diffusion  of  physiological  knowledge  would  not  only  tend  to  a 
repression  of  anpiricism,  but  would  also  exert  an  effect  in  raising  the 
standard  of  acquirement  among  medical  men  themselves.  That  a  great 
revolution  is  impending  in  the  practice  of  medicine^  no  one  who  is  at  all 
observant  of  tlie  progress  of  science  can  doubt.  The  great  physicians 
of  the  future  will  be  the  great  physiologists.  He  who  can  best  correct 
the  imperfections  of  a  machine  is  he  who  best  knows  its  structure  and 
action. 

Why  ia  it  that  from  Astronomy,  Chemistry,  Mechanical  Engineering, 
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aud  aucli  otbcr  8ubject9»  empiriciatii  has  disiipijcared  ?  Is  it  not  becaiiiie 
exact  knowledge  lias  taken  the  place  of  speculatioE  and  mysticism  ?  TItt; 
delusions  of  /Vstrology,  jVlchcniy,  and  Magic  have  been  uiiablc  to  maiu- 
tain  themselves  against  simple  truth.  And  so  of  the  numerous  medical 
itiip03tarc3  of  our  times,  they  will  die  out  as  an  exact  knowledge  of  the 
stnicture  and  functions  of  man  prevails. 

That  this  volume  may  aid  in  removing  the  great  and  Jioble  science  on 
which  it  treats  from  Speculative,  and  in  attaching  it  to  Natural  Philoso- 
phy— tliat  it  may  assist  in  establishing  the  great  doctrine  of  the  par- 
amount inHuencc  of  physical  laws  over  organization,  is  the  earnest  de- 
sire of  the  autlior.  Conacions  of  the  shortcomings  of  liis  work,  he  sub- 
raits  it  to  the  acieuliiic  world  witli  hesilatiou.  yet  not  without  the  hope 
that  its  errors  and  imj>erfections  will  be  excused  for  the  sake  of  the  nli^ 
ject  it  projMjacs  to  attain. 
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For  the  mamteufince  of  the  life  of  man  tliree  chemical  conilitions  mnst 
be  complied  Tvith.  He  muat  be  fumialied  with  aiij  water,  tuid  conibuati- 
ble  matter. 

Under  the  same  conditions,  also,  all  ammals  eidst.  Bren  in  those 
ivhich  aeem  to  famish  us  with  instances  of  departure  from  this  Tiirw  cnodt- 
^neral  rule,  the  exceptions  are  rather  apparent  than  real.  To  lionsffUfe. 
breathe,  to  drink,  to  eat,  are  the  indispensable  requisites  of  Hfe,  If  there 
be  among  insecta  some  whicli  seem  never  to  take  water,  or  among'  fishes 
some  which  never  fastc  solid  food.,  these  peculiaritiea  disapiieur  as  eoon 
as  we  understand  them  properly.  "Wlicre  a  higli  development  has  been 
attained,  as  in  man^  experience  assures  us  that  the  same  ine\'itable  result 
awaits  a  ceaaation  of  respiration  for  a  few  moments,  an  abstinence  from 
\vater  for  a  few  hours,  or  from  food  for  a  lew  days- 

The  supply  of  a  part  of  these  neceesaries  of  life  is  adjusted  to  the  ur- 
gency of  the  want*  The  act  of  breathing  is  incapable  of  dc-  jgourecs  of  stif»- 
lay,  but  the  air  is  accordingly  every  where  present,  and  al-  pl.vof'na'erial. 
ways  fit  for  use.  We  can  bear  with  tJiirst  for  a  little  time,  and  the  earth 
here  and  there  ftiniishes  her  springs  and  other  etorcs  of  wjiter.  But  far 
otherwise  ia  it  in  the  obtaining  of  food.  It  is  the  lot  of  all  animals  to 
secure  nourishment  by  lahor,  and  even  of  men  the  larger  proportion,  both 
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in  civilized  and  eavage  countries,  submit  to  a  liard  destiny.  To  obtain 
their  daily  bread  is  the  great  object  of  life. 

What  is  the  philosophical  expki^ation  of  this  necessity  for  a  supply 
of  air,  of  water,  of  food  t  Why  ia  it  that  the  syatem  will  bear  bo  little 
delay  ? 

The  answer  whicli  Physiology  gives  to  these  questiona  is  an  answei" 
UC  rtc  T"ia  "^^  ominous  import^  but  the  whole  science  ia  a  commentary  on 
on  dcatrugticQ  its  truth.  Thc  Condition  of  lite  is  drath.  No  part  of  a  Uv- 
'^'^  '  ing  mechanism  can  act  without  wearing  away,  and  for  the 
continuance  of  its  functions  there  is  therefore  an  absolute  necessity  for 
repair. 

It  haa  been  greatly  to  the  detriment  of  physiology  and  the  practice  of 
medicine  that  this  conception  has  not  been  tlioroughly  realized  until  late 
times.  The  aspect  of  identity  which  an  animal  presents  ia  an  illusion, 
Eliding  from  ua  thc  true  state  of  the  ease.  It  has  been  the  fniitfril  source 
of  errors  which  have  retarded  thc  progress  of  these  sciences.  What  could 
their  career  possibly  be  wlien  men  had  persuaded  themisclves  tliat  a  h%'- 
ing  being  jMsaesses  a  capacity  for  resisting  any  change,  and  that  organic 
structiirca  never  yield  to  external  physical  influences  until  after  death? 

But  life,  far  from  being  a  condition  of  immobility,  is  a  condition  of 
ceaseless  change*  An  organism,  no  matter  of  what  grade  it  may  be^  is 
only  a  temporary  form»  which  myriads  of  particles,  passing  through  a  de- 
terminate career,  give  rise  to.  It  is  like  thc  flame  of  a  lamp,  which  prc^ 
sents  for  a  long  time  the  same  a&pect,  being  ceaselessly  fed  aa  it  ceaseleaslr 
wastes  away.  But  we  never  permit  oursclveB  to  be  deceived  by  the  sim- 
ulated unchangeableness  which  such  a  natural  appearance  offera.  We 
recognize  it  as  only  a  form  arising  from  the  course  wliich  the  disappear- 
ing |)articles  take.  jVnd  so  it  is  even  with  man.  He  is  fed  with  more 
than  a  ton  weight  of  material  in  a  year,  and  in  the  same  time  wastes  more 
tiian  a  ton  away. 

There  ia»  therefore,  a  general  condition  of  equilibrium  which  every  an- 
p  ,. .  -  imal  presents,  depending  upon  its  receipts  and  its  wastes,  a 
eqiiiiibriuiu  m  proper  knowledge  of  the  conditiouB  of  which  is  at  the  founda- 
'°*'''  tion  of  Physiology.     That  we  may  approach  this  problem  un- 

der its  simplest  form,  free  it  from  all  unnecessary  complications^  and  make 
it  of  most  interest  to  the  special  olgect  of  this  book,  the  remarks  now 
to  be  made  will  be  confined  to  our  own  Bpecies,  and,  except  when  oth- 
erwise stated,  to  a  condition  of  health,  and  to  the  adult  period  of  life. 

To  have  a  uniform  standard  of  reference,  we  may  assume  one  hundred 
and  tbrty  pounds  as  the  weight  of  an  adult  healthy  man.  Now  the  con- 
stant consumption  of  food,  water,  and  atmosjihcric  air  tends  steadily  to 
increase  that  weight,  and  even  in  a  very  short  time  a  disturbance  arising 
fix«m  these  sources  would  be  perceptible,  were  there  not  some  causes  of 
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compensation.  But  even  after  a  year,  if  a  state  of  health  is  muntained, 
the  weight  may  remain  precisely  what  it  was,  and  this  may  continue  year 
after  year  in  succeBsion.  The  consumption  of  large  quantities  of  solid, 
liquid,  and  gaseous  matter  does  not  th^r^ore  necessarily  add  to  the 
weight. 

There  are  two  periods  of  life  for  which  this  ol»ervation  will  not  hold 
good.  They  are  infancy  and  old  age.  During  the  former  the  weight  in- 
creases from  day  to  day,  and  during  the  latter  it  slowly  declines. 

If  there  be  thus  causes  for  the  increase  of  weight  of  the  living  system, 
there  are  also  causes  for  its  diminution.  Setting  aside  the  minor  ones, 
these  may  be  chiefly  enumerated  as  loss  by  urine,  by  faeces,  by  transpired 
and  expired  matters.  By  transpired  matters,  are  meant  such  as  escape 
under  the  form  of  liquids  and  gases  irom  the  skin,  and  by  expired  mat- 
ters, vapors  and  gases  escaping  from  the  lungs.  There  is,  therefore,  a 
tendency  to  an  increase  and  a  tendency  to  a  diminution  of  the  weight, 
and,  in  the  condition  'of  equilibrium  we  are  considering,  these  must  bal- 
ance one  another. 

If  a  man  of  the  standard  weight  abstains  from  the  taking  of  water  and 
food,  a  good  balance  wiE  prove  that  in  tlie  course  of  less  than  an  hour  he 
has  become  lighter.  If  he  still  persists,  it  needs  no  instrument  to  detect 
what  is  going  on ;  the  eye  perceives  it,  for  emaciation  ensues. 

How,  then,  is  it  possible  for  a  living  being  to  continue  at  its  standard, 
except  the  causes  of  increase  are  precisely  equal  in  effect  to  the  causes 
of  diminution  ?  Overlooking  minor  ones,  we  may  therefore  assert  that 
the  sum  total  of  food,  water,  and  atmospheric  air  taken  in  a  given  period 
of  time  is  precisely  equal  to  the  sum  total  of  all  the  losses  by  urine,  faj- 
ces,  transpired,  and  expired  matters ;  for  if  the  receipts  were  greater,  the 
weight  mnst  increase — if  the  losses  were  greater,  the  weight  must  dimin- 
ish. .  Persistency  in  this  respect  proves  equality,  and  the  case  is  just  as 
simple  as  in  the  common  affairs  of  life ;  he  who  pays  less  than  he  receives 
grows  rich ;  if  hia  payments  are. more  than  his  receipts,  he  becomes  poor; 
but  his  coiidition  is  unchanged  if  his  payments  and  receipts  are  equal. 
Infancy,  old  age,  and  manliood  answer  to  these  circumstances  respect- 
ively. 

From  the  army  and  navy  diet  scales  of  France  and  England,  which  of 
course  are  based  upon  the  recognized  necessities  of  large  Quantity  of 
numbers  of  men  in  active  life,  it  is  inferred  tliat  about  2^  matter  required 

'  ^  ^    by  moD  m  ft 

potmda  avoirdupois  of  dry  food  per  day  are  required  for  eacli  year. 
individual ;  of  this  about  three  quarters  are  vegetable  and  the  rest  animal. 
At  the  close  of  an  entire  year  the  amount  is  upward  of  SOO  pounds. 
Enumerating  under  the  title  of  water  all  the  various  drinks— coffee,  tea, 
alcohol,  wine,  &c — its  estimated  quantity  is  about  1500  pounds  per  an- 
num.    That  for  oxygen  may  be  taken  at  800  pounds. 
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With  theae  figiires  TDefore  UBt  we  are  able  to  see  tow  the  case  stands. 
The  food,  water,  and  air  whicli  a  man  receives  amount  in  the  a^^regate 
to  more  than  3000  pounds  a  year ;  that  is,  to  about  a  ton  and  a  haH",  or  to 
more  than  twenty  timea  his  weight  Tliia  enormous  mass  may  well  at- 
tract our  attention  to  the  expenditure  of  material  which  is  requirwl  for 
.■rapporting  life.  It  reveals  to  us  tlic  fact  that  the  old  physiological  doc- 
trine, that  a  living  being  is  not  influenced  by  external  agents,  is  altogether 
a  fallacy.  A  living  being  ia  tlie  result  and  repreaentative  of  dmnge  on  a 
pTodigiouB  Bcale. 

The  condition  of  equilibrium  which  has  Juat  been  set  forth,  moreover, 
QgantUT  of  Icads  to  the  conclusion  that  the  i^regate  weight  of  urine, 
ily  raan^n  a''  feces,  transpired,  and  expired  matter  is  the  same  for  the 
vBip.  same  period  of  time.     In  round  numbers,  we  may  take  it  at 

a  ton  and  a  half. 

It  can  not  be  questioned  that  the  materials  which  are  rendered  back  to 
the  external  world,  after  having  sabser^'od  the  purpose  of  the  animal  and 
passed  through  ita  system,  are  compounds  of  those  which  were  originally 
received  as  food,  drink,  and  air,  though  they  may  have  assumed  in  their 
com'se  other,  and  perhaps,  in  our  estimation,  viler  forniBi  Recognizing 
as  indisputable  the  physical  fact  that  not  an  atom  can  be  created  any 
more  than  it  can  be  destroyed,  we  should  espect  to  discover  in  the  sub- 
fjtances  thus  dismissed  from  the  system  every  particle  that  liad  been 
taken  in. 

What,  tlien,  ie  man  ?  Is  he  not  a  form,  as  is  the  flame  of  a  lamp,  the 
temporary  result  and  representative  of  myriads  of  atoms  that  are  fast 
passing  through  states  of  cliange — a  mechanism,  the  parts  of  wHch  are 
unceasingly  taken  asunder  and  as  unceasingly  replaced  ?  The  appear^ 
ance  of  corporeal  identity  he  presents  year  al'ter  year  is  only  an  illusion. 
He  begins  to  die  the  moment  he  begins  to  breathe.  One  j>article  after 
another  is  removed  away,  interstitial  death  occurring  even  in  the  iiunost 
recesses  of  the  body. 

From  these  general  considerations  we  infer  that  the  essential  condition 
GreitexteDtor  of  life  ia  waste  of  the  body ;  and  this  not  only  of  the  body 

the  BTBrem  of  "^  '"  *''^  ^'ggT^g^t*^  ^"*  ^^^^  ^^  ®*ch  of  its  particular  parts. 
man.  Whatever  part  it  may  be  that  la  exercised  ia  wearing  away, 

and  wherever  there  is  activity  there  is  death.  And  since  parts  that  are 
dead  are  useless,  or  even  injurious  to  the  economy,  the  necesalties  eimnl- 
taneously  arise  for  their  removal  and  for  repair.  Much  of  the  compli- 
cated mechanism  of  animal  structures  is  for  the  accomplishment  of  this 
double  duty. 

For  an  organic  being  to  live,  ita  parts  must  die.  The  amount  of  activ- 
ity it  displays  is  measured  by  the  amount  of  death,  and  in  this  regard 
every  member  of  the  animal  series  stands  on  the  same  leveL     Here,  at 
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the  Tcoy  outset  of  our  science,  we  must  dismiss  the  vulgar  error  that  the 
phTsical  conditionB  of  existence  vary  in  different  tribes,  and  that  man  is 
not  to  be  compared  with  lower  forms.  We  must  steadily  keep  in  view 
the  interconnection  of  all,  a  doctrine  which  is  the  guiding  light  of  modem 
physiology,  and  which  authorizes  ns  to  appeal  to  the  stmcture  and  func- 
tions of  one  animal  for  an  explanation  of  the  structure  and  functions  oi' 
another.  The  more  steadily  we  keep  before  us  this  philosophical  con- 
ception of  the  interconnection  of  all  organic  forms,  the  clearer  will  be  onr 
physioli^ical  views.  There  has  never  been  created  such  a  thing  as  an 
isolated  living  being. 

From  the  manner  in  which  these  general  considerations  of  the  mechan- 
ical aztd  chemical  equilibrium  of  the  system  of  man  have  been  NeMsdtr  ud 
introduced,  it  will  doubtless  be  seen  that  it  is  the  first  busi-  ^jjoiorfcml 
ness  of  the  physiologist  to  disentangle  the  variable  results  atududa. 
which  that  system  presents,  as  £u:  as  may  be  possible,  and  offer  them  un- 
der a  standard  estimate ;  that  at  the  basis  of  this  science  there  should 
be  a  table  setting  forth  with  the  utmost  exactness  all  the  quantities  con- 
cented  in  such  a  standard  type.  Thus,  assuming  the  weight  of  an  adult 
man  at  140  pounds,  as  we  have  done,  it  should  show  the  diurnal  consump- 
tion of  combostible  matter  or  food,  of  water,  of  air — the  diurnal  loss  by 
evaporation,  by  secretion,  by  respiration.  In  contrast  with  this  it  should 
also  give  the  noctomaL  It  should  also  represent  the  quantity  of  bile, 
of  saliva,  of  pancreatic  jtyce ;  the  weight  of  each  one  of  the  various  salts 
and  organic  bodies  they  contain,  the  diurnal  and  nocturnal  production  of 
heat,  &c 

For  the  purpose  of  the  practice  of  medicine,  a  standard  of  140  pounds 
will  perhaps  be  found  most  convenient,  but  in  a  scientific  point  of  view, 
and  especially  for  comparative  physiology,  a  standard  of  1000  parts  is 
best  assumed.  I  now  present  an  attempt  at  the  construction  of  such  ta- 
bles, it  being  perhaps  scarcely  necessary  to  apologize  for  their  extreme 
imperfection.  Though  offering  the  results  at  present  received  as  most 
trustworthy,  a  very  superficial  examination  will  show  how  full  they  arc 
of  errors  and  contradictions.  Perhaps  it  would  not  be  too  much  to  say 
tfiat  it  will  require  the  labor  of  many  physicians,  continued  for  centuries, 
to  bring  such  tables  to  the  truth.  Yet  the  approach  to  precision  in  these 
hypothetical  constants  will  in  all  times  be  a  measure  of  the  exactness  of 
physiology,  and  it  may  be  added,  also,  of  the  practice  of  medicine.  The 
time  is  at  hand  when  such  a  typical  standard  must  be  the  starting-point 
for  pathology,  and  no  rational  practice  can  exist  without  it.  The  passage 
of  physiology,  from  a  speculative  to  a  positive  science,  is  the  signal  for  a 
revolution  in  the  practice  of  medicine. 

Moreover,  physiology  should  furnish  formulas  for  the  computation  of 
variations  in  these  tabular  numbers  under  variable  conditions ;  as,  for  in- 


14  FIXtD   BTANDAJIDS  OF   PHYSIOLOGY. 

stance,  under  low  and  liigL  oertal  temperatttresj  change  of  atmospheric 
pressurea,  absolute  quiescence,  or  tlie  near  approach  thereto,  the  effect  of 
a  determined  amount  of  locomotion,  or  other  nutscular  exertion,  &c.  As 
the  acicnce  becomes  more  perfect,  it  should  likewise  attempt  to  embrace 
pathological  atatcs;  as,  for  instance,  the  diurnal  or  periodic  production  of 
heat  in  tevera,  the  effect  of  the  hygienic  ayatem  of  the  bedroom. 

Physiology  having  attained  to  this  high  condition,  the  practice  of  med- 
icine in  its  great  department  of  diagnosis  will  consist,  in  reality^  in  the 
solution  of  inverse  problems.  Given  the  variations  from  the  standard  ex- 
isting in  any  case,  to  detemunc  the  cause  of  those  variattona.  At  thb 
point  diagnosis  becomes  a  Bcicnce,  and  ceasea  to  be  an  art. 

As  in  painting  and  statnikry,  the  artist  has  an  ideal  model  in  liia  mind, 
_  .  a  ty]jical  standard  ivliich  no  livijig  being  has  pcrtectly  reacb- 
the  foUowing  cd,  though  somc  of  the  most  beautitnl  may  have  approached 
iaile,  thereto,  so  in  physiology  the  standard  or  ty]Tiical  man  pre- 

sents the  combined,  and  mean  values  of  all  the  human  race, 

A  less  comprehensive  view  presents  us  with  distinct  national  standards, 
instead  of  tbia  universal  one,  for  every  country  has  its  o-n-n  pecuHaritiea, 
Results  of  the  highest  interest  arc  to  be  perceived  when  these  national 
standards  arc  compared  "vvith  one  another.  Even  the  same  nation  must 
offer,  from  age  to  age^  niodiricalions  in  its  t}^e  expressive  of  the  secular 
perturbations  it  ia  imdergoing,  as  it  advances  or  descends  in  a  knowledge 
of  tiic  arts  of  lite  and  civilization. 

Moreover,  there  are  typical  standards  of  a  still  lower  order,  having  ret- 
erenc«  to  the  conditions  of  sex  and  the  period  of  life.  Of  these  six  may 
be  designated — the  infant,  the  adult,  the  aged,  of  the  male  and  female  sex 
respectively. 

As  illustrations  of  these  remarks,  and  examples  of  the  detcrmiJiation  of 
the  fundamental  clement  of  such  a  general  physiological  tabSe,  the  stand- 
aid  weight  of  the  body,  we  may  take  the  tbilowing  estimates.  An  ex- 
amination of  20,000  infants,  at  the  Materniti^  in  Paris,  gives  for  the  weight 
of  the  new-bom  6^1bs.  ;  the  sainc  mean  value  obtains  for  the  city  of  Brus- 
wjIb.  For  about  a  week  after  birth  this  weight  undergoes  an  actual  dim- 
inution, owing  to  the  tissue  destruction  which  ensues  through  the  estab- 
lishment of  aerial  respiration,  and  which  for  the  time  exceeds  the  gain 
from  nutrition.  For  the  same  age  the  male  infant  ia  heavier  than  the  fe- 
male, but  this  difference  gradually  dirainislies,  and  at  twelve  years  their 
weight  IB  sensibly  the  same.  Three  years  later,  at  the  period  of  jtuberty, 
the  weight  is  one  half  of  what  it  is  finally  to  be,  when  full  development 
ia  rcjichcd.  The  maximum  weight  eventually  attained  is  a  little  more 
than  twenty  times  that  at  birth,  this  holding  good  for  Itoth  sexes;  but 
since  the  new-bom  female  weighs  less  than  the  standard,  and  the  new- 
bom  male  morcj  the  weight  of  the  adult  male  is  136^^  Ibs-^  and  of  the 
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adult  female  121-^^  lbs.  The  mean  weight  of  a  man,  irrespective  of  his 
period  of  life,  is  10'6-^^^  lbs.,  and  of  a  woman  d^^^ir  lbs.  The  mean 
weight  of  a  human  being,  without  reference  either  to  age  or  sex,  is 

For  the  preceding  numbers  we  are  indebted  to  the  researches  of  M. 
Qaetelet,  who  likewise  has  in  an  interesting  manner  extended  the  meth- 
ods of  statistics  to  the  illustration  of  the  physical  and  moral  career  of 
man,  and  impressed  us  with  the  facts  that  in  the  discussion  of  the  phe- 
nomena which  masses  present,  individual  peculiarity  disappears  and  gen- 
eral laws  emnge.  The  actions  which  seem  to  be  the  result  of  free  will 
in  the  individual,  assume  the  guise  of  necessity  in  the  community.  Just 
as  we  are  sure  that  man  is  bom,  develops,  and  dies  under  the  operation 
of  laws  that  are  absolutely  invariable,  so  communities  seem  to  be  under 
the  influence  of  unchangeable  laws.  **  In  communities  man  commits  the 
same  number  of  murders  each  year,  and  does  it  with  the  same  weapons. 
We  might  enumerate  beforehand  how  many  individuals  will  imbrue  their 
hands  in  the  blood  of  their  kind,  how  many  will  forge,  how  many  poison, 
very  nearly  as  we  enumerate  beforehand  how  many  births  imd  deaths  will 
take  place." 

PHYSIOLOGICAL  STANDARD  T^VBLES. 


Dlntiial  IngaU,  SHrntioiB,  ud  Eicntlau  oT  ■  Man  whoH 

Diurnal  In^ Htm,  Secretino*,  and  Kkcntitoia  of  a  Man  whua*     1 

walfbi  i>  140  Ibi.  aTsMii^.. 

•raighl  !•  1000  parta.                                        1 

Weight  oftwdy 140.000 

Weiftht  of  body lUOO.OOii                             | 

i 

W»t« 4.100 

J 

Water 20.660 

V 

Oxygen 16.667 

Si 

Dt7  TegeUble  food . . .      LOST 
Dry  Mdinal  food M3 

Et 

Dry  veKclable  food  . .      12.000 

s 

.5 

Dry  animal  food                 4021 
■^Huflva 23.876 

8»U*» 8.300 

GaHtric  juice 100.671 

PUKrcfttle  Jnlce 440 

Fancreatlcjuico 3.143 

i 

BUo acoo 

HilP 25.000 

CutKia from  lungs  ...       .500 

e 

Carbon  from  lungs...       8.071                             i 

i 

Intestlnkl  Juice 440 

Intestinal  Jnlco 3.143 

t 

LoN  of  water  by  lunga     1.440 

C 

Loss  of  water  by  lungs      10,286 

"           '■         Rkln.      2.234 

ik 

akin.      1C,B57 

Feces 078 

Urine S.  ISO,  connlitin(;  of 

^A 

Urine 1B.B71,  conalstlne  of 

Water 2.034 

Water 14.528! 

■ 

s 

L. 

1 

Sulphuric  add OOT 

Hiilphuric  acid 060  ' 

i 

Phosphoric  acid (MH 

Pbosphorie  acid 067  1 

Cblorideof  sodium  .      .000 

Chloride  of  sodium  .      .064  ■ 

Allcalieaand  earths.      .01(1 

Alkalies  and  earths.      .114  ' 

Other  bodii« OW 

Other  bodies 014  ' 

Water 116.200' 

Water 11329 

Albumen S-fiOO  ' 

^ 

Fibrin 037 

Fibrin 204| 

1 

Disca 2,227 

H 

Discs 15.TO7 

Fata 022 

— 

Fata 167 

K 

Chloride  oriiodtiim.      .061 

f 

Chloride  of  sodium.      ,436 

Chloride  of  potass..      .000 

Chloride  of  potass  . .      .043 

Phosphate  of  soda  . .      .003 

Phosphate  of  soda  . .      .031 

Carbonate  of  soda  . .      .012 

.a 

Carbonate  of  soda  . .      .086 

a 

Sulphate  of  sods 004 

Sulphate  of  soda 029 

FhoiL  lime  and  maf{.     .004 

Plios.  lime  and  mag.      .020 

Oilde  and  phoa.  Iron     .008 

Oxide  and  phos.  iron     .067 

Other  bodies 700 

1 

n  this  table  the  estimate  is  In  tho  avoirdupois 

In  this  tablo  tho  estimate  is  upon  one  tliousand  | 

pound  4nd  derimaU  thentof. 

parts.                                                                                       { 

It  is  to  be  received  as  a  doctrine  admitting  no  controversy,  that  or- 
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ganic  aystetna,  whether  vegetable  or  animal,  whether  humble  or  eJaborate- 
Au  ADitnai  CM-  ijr  developed^  possess  no  power  of  creatine;  materiaL  Their 
but  only  tr*na-  itinctioii  is  ol  necessity  Umited  to  the  mere  tranaiorniation  ot 

fonuft  the  sub-  gubstaiices  fumiBhed  to  them.  From  thiia  it  followa,  even  in 
sCiDces  It  re-  .  1-       •        1  .-  1 

ceives,  the  case  ol  man,  that  the  sabBtances  disraisaed  from  the  sys- 

tem arc  metamorphoaed  forms  of  those  which  have  been  received,  and 
that,  wliatever  their  appearance  may  be,  they  must  have  arisen  from  the 
reaction  of  the  food,  water*  mid  air  upon  one  another. 

This  reaction  we  may  proceed  to  view  as  a  purely  chemical  result; 
for»  casting  aside  all  the  vain  hypotheses  of  the  older  physiology^  and  per- 
mitting ourselvea  to  be  guided  by  the  harmonies  of  nature,  we  should  ex- 
pect to  recognize  in  the  changes  taking  place  in  organic  systemB,  and  in 
the  phenomena  which  attend  thoae  changea,  the  same  results  which  arisf" 
ill  the  artifitial  or  esperimontd  reaction  of  food,  water,  and  air  on  each 
other.  A  very  superficial  examination  of  the  facts  shows  at  once  the 
Tha  ciieroical  Correctness  of  this  expectation.  On  Bueh  an  examination  wi; 
^utj^^^-"  """'  ^nter,  premising  it  with  some  general  remarks  needfiil  for 
wivisd.  OUT  purpose  on  the  nature  and  properties  of  food,  water,  and  air. 

Ist.  Of  I'ooD. — No  article  is  auitable  for  food  except  it  be  of  a  com- 
bustible nature.  Its  chemical  constitution  must  be  euch  tliat  if  its  tem- 
perature be  raised  to  a  proper  degJiai  with  a  due  access  of  atmoapheric  aii- 
it  will  take  fire  and  buni»  and  the  products  of  its  combustion  must  be  car- 
bonic acid  gaa  and  water,  ot  those  substances  with  nitrogen  or  its  com- 
pounds. 

2d.  Of  Watefl— Thia  may  be  taken  as  the  type  and  representative 
of  all  the  varions  liquids  used  as  drinks.  It  evaporates  at  any  tempera- 
ture, even  at  those  which  arc  lower  than  its  freezing  point,  and  in  this 
evaporation  produccH  cold.  Water  vaporizing  from  the  skin  absorbs  1114; 
degrees  of  heat,  and  hence  exerts  a  moat  powerful  refrigerating  action. 
Over  saline  eubstiuices  there  are  few  bodies  which  eserciac  so  general  n 
solvent  eflfect.  In  virtue  of  this  property,  it  is  enabled  to  introduce  in 
the  dissolved  etatc  euch  compounds  aa  are  wanted  for  the  nutrition  ofthi- 
system,  and  in  tlie  same  manner  to  cany  away  the  wasted  products  of 
decay. 

3d.  Of  Atmospheiuc  Aia. — The  active  principle  of  the  air  is  oxygen 
gaa,  the  effects  of  which  are  moderated  by  the  presence  of  a  large  quanti- 
ty of  nitrogen — four  fifths  of  the  air  consisting  of  this  latter  Bubstance. 
Physiologically,  we  often  use  the  terms  atmospheric  air  and  oxygen  eyn- 
onymouflly. 

The  chief  materials  which  a  living  being  receives  fixim  the  external 
world  are,  therefore*  combustible  WATTEr:,  water,  ostgen  gas  ;  and  oni 
of  the  action  of  these  upon  one  another  all  the  physical  pheuoniena  of  its 
Ute  arise. 
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NATUEE  OF   MATTERS   RESTORED.  IT 

Such  teing  tlie  nature  and  properties  of  the  things  received,  we  may 
now  examine  in  tlie  same  general  manner  those  ivliich  are  Properiipsof 
dismissed  from  the  avsteui.     Here,  at  the  very  outset,  we  en-  ^ji'^sinncta 

"  /  (ni>niissH  by 

counter  the  important  fact  that  they  are  oxidized  or  burned  lUe  tyaunn. 
bodies. 

lat.  As  respects  the  urine  and  its  constituents.  Its  liquid  part,  wa- 
ter, is  an  oxide  of  hydrogen,  of  which,  though  the  greater  portion  may 
not  have  be«n  produced  in  the  economy,  yet  a  certain  quantity  unfjues- 
tionably  has.  In  it,  too,  are  to  be  found  sulplniric  acid,  wliich  is  an  ox- 
ide of  sulphur;  phosphoric  acid,  which  ib  an  oxide  of  phosphorus  ;  and  its 
leading  solid  conalituent^  urea,  is  the  representative  of  bodies  which  anae 
when  processes  of  oxidation  have  ijeen  going  on. 

2d.  The  expired  and  transpired  matters  present  similar  burned  com- 
pounds. At  the  head  of  these  products  stand  carbonic  acid  gas,  which  is 
an  oxide  of  carbon,  and  water,  which,  as  we  Iiave  already  said,  is  an  ox- 
ide of  hydrogen.  We  here  omit  any  consideration  of  the  nature  or  con- 
stitution of  the  fa'cal  matter,  because  niucli  of  it  lias  never  been  properly 
in  the  interior  of  tlie  sys^tem,  thotigli  it  has  pa&i^cd  tiirough  the  intestine. 

Tlie  general  result  at  which  we  arrive  is,  tiien,  that  tlic  food  consists  of 
combustible  matter,  and  that  the  subs^tancea  dismissed  from  the  e^onomj* 
are  oxidized  bodies.  A  burning  must,  therefore,  liavc  been  go-  „  .  . 
ing  on,  and  this  could  only  have  been  accomplished  by  the  air  oci-ursinihc' 
introduced  by  breathing  acting  upon  the  substance  of  the  body  *"^' 
itself  and  its  contents,  and,  to  repair  the  waste  which  raiii^t  have  ensued, 
a  due  weight  of  food  has  been  required.  Since  this,  in  its  turn,  as  a 
part  of  the  living  mechanism,  ia  destined  to  undergo  the  like  destructive 
action,  we  may  preaent  the  entire  scries  of  facts  under  consideration  cor- 
rectly by  regarding  them  aa  arising  remotely  from  the  action  of  the  air 
ujK>n  the  food. 

With  thi.si  Btatemeat  before  us,  we  next  inquire  what  ensues  when  sub- 
stances appropriate  for  fowl  are  expo.-^ed  in  artiticial  experiments  at  a  cer- 
tain temperature  to  the  action  of  atmospheric  air. 

A  piece  of  tlesh,  or  even  of  any  vegetable  body,  consisting  of  carbon, 

hydrogen,  oxygen,  and  nitrogen,  submitted  to  those  condl-  Pesulisof  arti- 

tions,  under£oe.s  combustion.     Its  carbon,  bv  uniting  with  ox-  *"""'  combu?- 

,  ,      ,        -I'll  'i-       I  *-'°^  '''*  **•"* 

ygea,  produces  carfwnic  acid,  its  Jiydrogrn  tor  the  most  part  aa  that  in  the 

water,  but  a  residue  thereof,  combining  witli  the  nitrogen,  may  ^"^'■*'' 

give  rise  to  tlie  production  of  ammonia.      If  there  be  any  sulphur  and 

phoaphonis  present,  they  also  bum,  and  salts  of  stilphiuric  and  phosphoric 

acldii  are  the  result. 

Such  is  what  occurs  outside  of  the  body  in  a  common  Mse  of  artificial 

combustion  where  atmospheric  air  lias  access.     The  constituents  of  which 

the  food  ia  composed  thus  satisfy  tlieir  chemical  affinities,  and  the  com- 

B 
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pounds  we  have  mentioned  arise.  Now  it  is  a  fact  of  the  utmost  signifi- 
cance tliiit  the  compoiuidfl  thus  originating  &om  tlie  direct  artificial  burn- 
ing at  matters  proper  for  food  are  the  very  same  that  are  dismissed  firom 
the  animal  system  in  which  food  ha3  been  submitted  to  the  air  introduced 
by  respiration.  They  are  sucli  fiubstaiices  as  carbonic  acid,  water,  am- 
monia, sulphatea  and  phosphates. 

It  may  impress  these  truths  more  deeply  upon  us  to  learn  that  the 
facts  at  which  we  have  thus  arrived  may  also  be  recognized  in  the 
changes  of  destniction  presented  by  the  vegetable  kingdom.  The  leaves 
of  treefl,  after  they  have  fallen  in  autumn,  quickly  decay,  and  even  the 
heart-wood  itself  has  a  limit  beyond  wliich  it  does  not  last.  Sooner  or 
later  every  part  of  a  plant  is  destroyed  by  the  atmospheric  air.  Such 
limits  of  duration  in  animal  structures  arc  short.  A  very  brief  time,  per- 
haps only  a  few  hours,  14  all  tliat  Jft  wanted  for  putrefaction  to  set  bi,  and 
the  entire  mass,  undei^ouig  dissolution,  ia  lost  in  the  surrounding  air. 

Tliis  final  disappearance  of  all  organized  gtructures  is  brought  aliout 
by  the  action  of  that  energetic  clcnifnt,  oxygen.  If  by  any  contrivance 
its  influence  is  prevented  and  its  presence  avoided,  these  changes  do  not 
take  jilacc.  Putrefaction  and  decay  are  slow  combustions,  true  burning 
taking  time.  There  equally  arise  from  the  fallen  leaf  and  from  the  de- 
caying body  carbonic  acid,  water,  and  ammonia,  the  self-same  substances 
dismissed  from  the  economy  during  the  continuance  of  life. 

Processes  of  conibiistion  and  processes  of  decay  arc  therefore  both  due 
to  the  action  of  atmospheric  oxygen  on  the  changing  substance.  They 
differ  chiefly  from  one  another  in  the  relative  rapidity  with  which  they 
are  accomplished. 

The  facts  thus  set  fortli  warrant  the  following  statements*  The  mat- 
ters which  a  man  receives  as  food  are  combustible  bodies ;  those  dismissed 
Prtidu(riiont.f  ffom  lus  fiye.tcm  have  been  burned.  To  that,  as  to  any  other 
Bnimai  hcnt.  emz]i  burning,  oxygen  gas  is  absolutely  requisite.  There  is, 
therefore,  a  plain  conclusion  before  us,  which,  in  its  far-TcacLlng  conse- 
qnenees,  covers  the  whale  science  of  physiology*  and  Ijetraya  to  us  the 
function  which  every  animal  discharges,  viz.,  that  oxidation  is  incessant- 
ly going  on  in  the  interior  of  the  system  through  the  agency  of  atmos- 
pheric air  introduced  by  the  jiroccsa  of  breathing. 

An  animal,  in  this  point  of  ^iew,  is  an  oxidizing  machine,  into  the  in- 
terior of  which  atmospheric  air  is  consfajitly  introduced.  The  active  con- 
stituent, oxygen,  satisfies  its  chemical  affinities  at  the  expense  of  those 
parts  of  the  system  which  are  wasting  away.  And  as  the  act  of  breath- 
ing, that  is,  the  introduction  of  this  gas,  takes  place  day  and  night,  wak- 
ing and  sleeping,  bo  too  must  the  production  of  burned  bodies  i  a  part 
escaping  by  the  lungs,  a  part  by  the  skin,  a  part  in  the  urine.  To  com- 
pensate the  loss  which  ensues,  nearly  1000  pounds  weight  of  combustible 
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matter  must  be  used  in  the  course  of  a  year,  and,  for  reasons  to  be  exam- 
ined in  detail  preaentlj,  tliree  quarters  of  a  ton  of  water.  But  tbis  la  a 
very  different  conclusion  to  the  notion  of  tiie  ancient  pbj-gicianB,  tliat  an 
animal  during  Us  life  is  exempt  from  participating  in  external  changes, 
and  13  an  enduring  monument  of  tlie  power  possessed  by  tbe  vital  fobob 
of  resisting  all  physical  influences. 

But  carbon  by  uniting  with  oxygen  can  not  turn  mto  carbonic  acid, 
nor  can  hydrogen  turn  into  water,  nor  nitrogen  into  ammonia,  without 
beat  being  produced.  The  very  meaning  we  attaeh  to  the  tcnri  indicates 
tbat  every  process  of  burning  is  attended  with  tlu^  liberation  of  heat. 

In  domestic  economy,  we  protect  ourselves  from  the  cold  weather  of 
winter,  or  attain  any  high  temperature  we  want  by  the  oxidation  of  &oine 
of  the  forms  of  carbon,  sncli  as  wood  or  coal,  in  fire-places  or  stoves. 
We  know  that  for  tlie  production  of  a  given  quantity  of  heat  a  given 
weight  of  combustible  matter  and  of  air  is  required,  and  tbat  by  employ- 
ing various  mechanical  contrivances  for  increasing  the  di^uglit  we  can  ac- 
celerate tbe  burning. 

Moreover,  if  in  our  laboratories  we  Mquire  tbe  veify  highest  tempera- 
ture that  can  be  artificially  obtained,  we  report  to  the  l>uming  of  hydro- 
gen. There  are  instruments,  &uch  aa  the  compound  blow-pipe,  construct- 
ed on  this  principle.  In  the  flame  which  arifici^  in  tliia  coitibuation  the 
most  refractory  substances  melt  or  are  deflagrated. 

But   it  may  be  gaid  that  though  wlien  a  substance  is   rapidly  oxid- 
izing it  must  be  evolving  heat,  tiiere  is  perhaps  a  slower  Pr(iduriio.t!iof 
kind  of  combination,  in  whicli  the  particles  unite  without  any  f^c^io "  ind"*" 
disturbanoe  of  temperature.     Wliat  proof  could  be  offered,  far  decay. 
example,  that  a  moiddering  leaf  is  disengaging  beat  ? 

In  answer  to  this  it  ia  not  neccs.^ar)'  to  bring  forward  refined  or  direct 
experiments.  Every  leaf  when  it  moulders  is  literally  burning  away. 
The  extrication  of  \VT*rnrth  begins  even  when  it  is  ready  to  fall.  Wliat 
does  the  farmer  expect  in  making  his  hay,  if  he  puts  the  grass  up  in  too 
moist  a  state,  or  in  too  large  a  mass  ?  The  temperature  does  not  atop  at 
the  stage  of  bituminous  icrmentation,  but  tbe  stack  moat  proba.bly  takes 
fire.  Of  course  what  ia  going  on  in  the  whole  mass  is  going  on  in  each 
separate  leaf,  un distinguishable,  it  is  true,  in  the  latter  case,  because  the 
heat  of  a  single  decaying  leaf,  taken  alone,  may  be  carried  off  by  the  cold 
surrounding  air,  or  by  the  contact  of  good  conducting  bodies,  and  so  be 
lost  to  examination. 

From  agricultural  operations  we  may  also  learn  tbnt  what  holds  good 
for  vegetable  bodies  is  true  for  animal  eubstancei?.  Heaps  of  mamire  or 
of  offal  of  any  kind,  if  due  access  of  air  be  given,  exbiLit  the  extri<iation 
of  carbonic  acid,  ateam,  and  ammonia,  and  the  temperature  promptly  rises. 
Tbe  ^dener  avails  lijmself  of  tiiis  fact.     He  uses  the  heat,  as  it  is  slowly 
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set  firee  by  the  putrefaction  of  manure  in  liig  forcing  framea,  to  bring  fortb 
plants  in  the  early  spring.  There  is  no  kind  of  decay,  or  putrefaction,  or 
oxidation  of  organic  matters^  however  slow  it  may  be,  tJiat  is  not  marked 
by  the  production  of  warmth. 

Mtui,  in  a  state  of  health,  maintains  a  nearly  uniform  tcinpeTature. 
HeatofiBKi:  Neglecting  sUght  variations,  to  be  hereafter  cTitically  exam- 
itscauBc.  itieJ^  it  13  9g  ilegreeB.  For  the  mo&t  part,  it  is  immnterial 
in  idiat  climate  of  the  earth  lie  may  reside,  whether  in  the  cold  poUr  re- 
gions or  the  hot  tropic  j  he  is  so  constituted  that,  cither  through  the  pro- 
visions of  Ills  own  oTganizalionT  or  by  resorting  to  tlie  adventitious  aid  of 
clothing,  or  to  special  articlea  of  food,  he  can  maintain  himself  nt  about 
the  same  degree ;  and  aa  all  this  heat  arises  from  interstitial  oxidation 
comtinually  taking  place,  it  is  obvious  tlmt  within  certain  limits  be  has 
control  over  it  Thus,  in  the  winter  he  sometiracis  resorts  to  violent  mus- 
cular action  in  order  to  increase  the  rapidity  of  respiration  and  tlie  de- 
struction of  muscular  tissue ;  for  the  greater  the  quantity  of  air  intro- 
duced in  a  given  period  of  time,  the  higher  the  temperature  rises,  just 
as  when  we  close  the  door  of  a  Btove,  or  place  a  blower  on  an  anthracite 
fire,  an  increased  draught  is  occasioned  and  the  quantity  of  beat  is  in- 
creased. To  breathe  with  rapidity  and  depth  is  certain  to  raise  the  tem- 
perature. 

On  the  contraTy,  m  summer^  when  the  heat  is  oppressive)  we  instinct- 
ively abstain  from  muscular  exertion,  tranquil  and  slow  respiration  goes 
on,  and  the  temperature  is  kept  down-  Again,  there  are  means  of  occa- 
sioning an  increased  liberation  of  lieat  by  ciianging  the  nature  of  the  food 
and  using  highly  combustible  material,  such  as  the  various  kinds  of  alco- 
holic preparations.  The  chemical  constitution  of  alcohol  is  such  that  in 
the  act  of  burning  carbonic  acid  and  water  are  produced  with  tiic  libera- 
tion of  BO  raucli  heat  that  chemists  find  it  one  of  the  most  suitaLle  means 
of  attaining  a  higli  temperature.  On  taking  prejiarations  of  this  subf^tance, 
Buch  as  distilled  liquors  or  wines,  the  first  effect  is  the  production  of  a 
genial  wamitl>  all  over  the  bod}-,  intoxication  eventually  coming  on  as  a 
secondary  result. 

Tliese  remarks  are  not  limited  in  their  application  to  our  own  species, 
the  whole  animal  world  furnishes  us  with  commentaries  on  their  truth. 
Man  maintaining  a  temperature,  as  Ims  been  said,  of  about  9S  degrees, 
other  animals  are  at  other  degrees,  some  being  cold-blooded  and  some  hot. 
The  particular  jxiint  they  reach  depends,  as  direct  observation  sliows,  on 
the  quantity  of  oxygen  they  consume,  or,  in  other  words,  on  their  respira- 
tion. Birds,  whose  breathing  mechanism  is  by  far  the  moat  elaborate 
and  extensively  developed,  have  by  far  the  highest  temperature.  The 
snake  or  the  tortoise,  whose  rate  of  respiration  is  very  slow,  and  wl(i«-]i 
conaume  but  little  oxygen,  have  a  correspondingly  low  degree  of  heat. 
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And  in  those  creaturea  which  at  one  period  of  the  year  are  in  full  activity, 
but  at  another  lie  dontiant  or  hiljematt',  as  they  begin  to  respire  more 
slowly  their  teinjKTature  begins  to  decline,  and  when  they  have  sunk  into 
their  winter's  sleep  their  breathing  is  scarcely  perceptible,  aud  their 
warmtli  acarcely  above  tliat  of  the  eurrounding  air. 

In  what  has  been  thua  far  said  we  have  been  considering  those  Oper- 
ations of  the  system  which  tend  to  the  production  of  heat,  caraes  of  eoou 
and  the  maintenance  of  the  whole  mass  of  the  body  at  a  tern-  iag^jfili^Siody. 
perature  above  tliat  of  the  siirrounding  air.  But  it  is  obvious  that  pro- 
vision tauat  be  made  to  prevent  any  imdue  rise,  so  tiiat  between  those 
causes  of  elevation  and  these  of  depression  a  due  cquilibriuni  may  be  main- 
tained. If  a  very  large  <iuantity  of  combustible  matter,  under  the  form  oi 
food,  and  about  an  equal  weight  of  oxygen,  are  necessary  for  obtaining  a 
pro[ier  heat,  ivc  should  also  recollect  thiit  nearly  tlircc  quarter.^  of  a  ton  of 
water  arc  consumed  each  year.  The  duty  which  this  water  „ 
discharges  we  may  next  consider. 

That  duty  is  twofold-  Ist,  I'he  removal  of  solid  material  in  a  state. 
of  solution ;  and,  2d.  The  production  of  cold  by  evaporation.  It  is  the 
cooling  agency  which  is  of  most  interest  to  us  in  our  present  inquiry,  but 
a  few  remarks  as  regards  the  tenioval  of  solid  matter  may  not  here  be 
misplaced. 

lat  Water,  then,  exerts  its  solvent  power  for  the  removal  of  all  those 
eubstance^s  whicli,  arising  incessantly  in  the  animal  system,  can  ks  wKmi 
not  assume  cither  the  vajioroiia  or  gaseous  state.  In  lliis  con-  P<>«^r- 
dition  are  tlie  different  saline  bodies,  such  as  the  sulphates  wiiich  are  com- 
ing from  the  destruction  of  the  muscular  tissues,  as  voluntary  and  invol- 
untary motions  are  performed ;  or  the  phosphates  which  arc  produced  by 
the  destruction  of  een?bral  and  nervous  matter.  In  the  same  condition 
stand  nearly  all  the  nitrogenized  results  of  the  destruction  of  the  soft 
parts,  and  which  arc  to  a  great  extent  to  be  reuioved  as  urea.  Water  dia- 
Bolvtng  with  more  or  lesa  facility  these  various  bodies  permits  their  escape 
from  the  system  by  the  secreting  action  of  the  kidneys,  which,  strain- 
ing or  filtering  them  from  the  blood,  dismiss  them  to  the  bladder,  from 
which  they  are  periodically  removed. 

The  skin  ia  no  inefficient  auxiliary  to  the  kidneys  in  effecting  this  re- 
moval of  water  charged  with  soluble  matters.  All  over  its  suriacc  are 
scattered  in  profusion  the  duct3  of  the  pernpimtory  glands,  which  consist 
of  a  convoluted  tubing  abundantly  supplied  with  blood-vessels.  The  final 
mode  of  action  of  these  glands  depends  on  cxtraneoue  circumstances* 
'  Moat  commonly  the  fluid  is  carried  away  under  the  form  of  a  vapor  or  in- 
eenaible  perspiration,  but  when  the  secretion  goes  on  more  rapidly,  or  the 
dew-point  of  the  surrounding  air  is  higli,  it  then  accumulates  as  drops  of 
sweat.     The  amount  of  water  thus  removed,  even,  by  msensible  perspira- 
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tion,  19  greater  than  might  be  eupposed,  yet  it  corresporula  with  the  ex- 
tent of  the  provision.  The  length  ot'  the  water-secreling  tubing  in  the 
skin  of  a  man  is  about  twenty-eight  miles. 

Thus  by  the  ^tiou  of  the  kidneys  and  the  skin  large  quantities  of  wa- 
ter are  dismissed^  either  under  the  liqxiid  or  vaporons  form*  A  third  or- 
gan 13  concerned  in  this  important  duty.  It  is  the  lungs.  Theae,  how- 
ever, are  limited  in  their  operation  to  its  exhalation  as  vapor  or  steam. 
Tliat  water  abundantly  escapes  from  them  is  plainly  shown  when  the  days 
are  cold,  the  moisture  as  it  comes  from  the  respirator}'-  passages  condens- 
ing into  a  visible  cloud  when  it  encounters  the  air.  It  is  estimated  that 
the  loss  of  water  by  the  skin  and  lungs  conjomtly  is  about  IS  grains  in 
a  minute,  of  which  11  pass  off  from  tlic  skin  and  7  from  the  limgs.  Mak- 
ing- due  allowance  for  the  variable  action  of  the  skin  as  dependent  on  the 
dew-pohit  and  other  such  causes,  we  can  scarcely  set  down  the  entire 
quantity  at  less  than  lOOO  pounds  a  year.  In  the  same  jieriod  the  quan- 
tity  of  water  lost  as  urine  may  be  taken  at  900  pounds.  It  may  perhaps 
be'remarke^,  that  here  we  are  assuming  a  loss  of  11)00  pounds^  when  the 
quantity  of  water  annually  taken  is  only  1500  pounds.  But  it  is  to  be 
recollected  tliat  not  only  docs  water  form  a  very  prominent  constituent  of 
the  sohd  food,  whether  vegetable  or  animal,  but  also  that  much  arises 
frxjm  the  oxidation  of  hydrogen  in  the  interior  of  the  system. 

2J.  "Water  also  exerts  a  cooling  influence,  arising  from  its  evnpora- 
C«3mg  infill-  tion  fixim  the  surface  of  the  ekin  and  the  cells  of  the  lungs. 
Mtoofwutuf.  "pj^g  difference  between  water  in  the  state  of  an  in™ible  va- 
por and  in  the  liquid  condition  consists  in  this,  that  the  vapor  contains 
1114  degrees  of  heat  which  the  liquid  docs  not.  When,  therefore,  it 
evaporates  from  a  autface  of  any  kind^  a.?  tVoni  the  skin*  it  obtains  there- 
from that  large  amount  of  latent  heat,  and  so  tends  to  cause  the  tempera- 
ture to  decline.  Not  that  this  is  the  only  cooling  agency  at  work.  Ra- 
diation might  also  be  mentioned ;  for,  just  aa  a  warm  inorganic  body  coola 
by  the  escape  of  radiant  heat  from  it,  so  too  does  a  living  being. 

These  considerations  explain  how  an  equilibrium  of  temperature  is  ea- 
EquSlibrium  of  tablished.  By  the  process  of  resjnration  there  is  a  constant 
beat  in  man.  tendency  to  increase  the  heat ;  but  by  evaporation  of  wafer, 
radiation,  and  other  cooling  causes,  there  is  a  constant  tendency  to  dimin- 
ish it.  A  balance  is  struck  between  the  two  processes,  and  in  man  a 
temperature  of  98  degrees  is  kept  up. 

This  average  temperature  is,  however,  easily  departed  from.  Throiigh 
some  trivial  cause  the  cooling  agencies  may  be  interfered  with,  and  then, 
the  heating  processes  getting  the  superiority,  &  high  temperature  or  fe- 
ver comes  on.  Or  the  reverse  may  cnguc-  In  Asiatic  cholera,  the  con- 
stitution of  the  blood  ia  so  clianged  that  its  cells  can  no  longer  cany  ox- 
ygen into  the  system,  the  heat-making  processes  are  put  a  stop  to,  and, 
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W       tiie  tpniijerature  declining,  the  body  becomes  of  a  marble  coldness  cliumc- 

I        teristic  of  tiuit  terrible  disease. 

P  The  animal  mechanism  is  thus  the  focus  of  intense  chemical  changes^ 

and  great  quantities  of  material  are  required  in  very  brief  Necessity  of  re- 
spaces  of  lime  for  its  supjwrt.     \Ye  have  setn  what  is  the  ["^^n^l,"  J^^^"" 
use  of  the  combustible  nsatter  employed  as  food,  what  of  the  wmim. 
water,  what  of  the  ajx,  how,  these  reacting  on  one  another,  a  high  but  reg- 
ulated temperature  i&  kept  up, 

Slucli  of  what  has  been  thus  far  said  lias  had  reference  only  to  the  de- 
etmction  of  tissues.  This  waste  of  matter  ariaes  for  a  donble  reason, 
partly  to  give  origin  to  the  beat  which  animala  require,  and  partly  aa  a 
consequence  of  intpllectnal  acti\-ity  and  muscular  motion ;  for  no  move- 
ment can  be  made  w^ithout  a  destruction  of  muscular  fibre-,  and  all  niental 
and  nervous  actions  imply  the  waste  of  a  certain  quantity  of  vesicular 
anbetance.  For  this  reason,  after  an  aiiinial  has  undergone  violent  mus- 
CQ^  exercise,  the  quantity  of  urea  and  sulphuric  acid  in  the  urine  is  in- 
creased, tiiia  l>eing  the  channel  througii  which  those  rrsults  of  the  de- 
fltnu'tion  of  muscular  tibre  are  removed;  or,  ai'ter  severe  mental  or  intel- 
lectual duty,  tlierc  is  more  phosphoric  acid  than  usual  in  the  urine^  be* 
caa.ae  of  the  greater  oxidation  of  phosphorus  which  has  taken  place  in 
the  brain. 

But  of  course  this  destruction  of  tiesue  must  be  compensated  by  a  re- 
pair if  a  normal  condition  and  hadtii  are  prcscr^'ed.  The  action  of  the  air 
is  not  directly  ujKjn  the  food,  for  intermediately  and  temporarily  the  food 
is  converted  mto  the  living  mechanism.  The  dead  material  is  awakened 
into  life,  and  for  a  time,  though  only  for  a  time,  becomes  a  portion  of  the 
living  aud  feeling  mass. 

The  fiinetions  and  actions  we  have  been  considering  imply  the  provi- 
sion of  many  complicated  mechanisms.  There  must  be  means  yarSous  mcch- 
for  effecting  the  introduction  oftheatr;  these,  in  man,  depend  niiMnisi  wnttteiil 

(.-         -     .  ^f         .  ,  !■  .     1  ■       for  rPninvn,!  of 

on  caitmg  mto  ojieration  its  pressure.  A  system  ot  tubes  is  ^.^pto  ami  for 
necessary  for  its  distribution  to  the  points  at  which  it  ia  re-  rep"'- 
quired,  and  in  like  manner  a  system  is  required  for  carrjdng  away  the 
wasted  products  of  decay.  The  new  material  which  is  destined  to  re- 
place the  parts  which  are  thus  disappearing,  and  to  keep  the  economy  in 
repair^  must  be  submitted  to  such  processes  of  mechanical  and  chomical 
preparation  that  it  may  be  dissolved  in  the  blood,  and  carried  wherever  it 
is  wanted.  It  must  therefore  be  cut  and  crushed  by  teeth  driven  by  pow- 
erful muscles,  dissolved  by  acid  and  alkaline  juices  in  digestive  cavities 
set  apart  for  that  purpose.  From  these  it  must  be  taken  by  arrange- 
ments which  can  absorb  it  and  carry  it  into  the  torrent  of  the  circulation. 
Physical  means  must  be  rcsiirtcd  to,  not  only  for  the  impiUsion  of  these 
newly-abaorbed  nutritive  juices,  but  likewise  to  drive  the  blood  in  its 
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proper  career  of  circulation.  .It  is  needlesfl  here  to  tlwcll  on  the  manner 
in  which  the  most  refined  principles  of  hydraulics  are  brouglit  into  play* 
or  to  speak  of  the  mariner  in  which  forces  of  compreaaion  and  elasticity 
are  introduced;  hoiv  that  there  are  valves  ■which  open  only  m  one  way 
ta  let  tlie  current  pass,  or  how  some  of  these,  as  in  the  like  Imnmn  con- 
trivanwfl,  arc  tied  down  in  their  action  l)j  eords,  MoreoTer,  mrice  it  is 
required  thiit  tlie  animal  shall  go  in  se^arch  of  its  food,  muscleg  of  loco- 
motion, which  act  npon  purely  mechanical  principles  on  tlie  Ijony  skele- 
ton, must  be  resorted  to,  and  so  the  animal  structure  becomes  a  most 
elaborate  and  complicated  machine. 

In  this  regard  the  iiuman  body  may  be  spoken  of  as  a  mere  instrument 
rhrsicai  OS-  Or  engine,  which  acts  m  accordance  with  the  principles  of  mfr- 
pect*fman.  chanical  and  chemical  philosophy,  the  bones  being  levers,  the 
blood-vesscU  hydraulic  tubes,  the  soft  parts  generally  the  scats  of  oxida- 
tion. But  if  we  limit  our  view  to  such  a  description,  it  presents  to  us 
man  in  a  most  incomplete  and  unworthy  aspect.  There  animates  this 
machine  a  self-conscious  and  immortal  principle — the  soul. 

Though  in  the  most  enlarged  acccpt-ation  it  wotdd  tall  under  the  prov- 
Thesoiii-  "n  ^'^^^  of  physiology  to  treat  of  this  immortal  principle,  and  to 
riBiure  RHfl  re-  cottsidcr  its  powcrs  and  responsibilities,  these  constitute  a 
spouBi  es.  gy|jjp^.(  j^^  Q^j.g  BO  boundless  and  so  important,  that  the  phya- 
Loloj^st  is  constrained  to  Rurrender  it  to  the  psychologist  and  theologian, 
and  the  more  so  since  the  proper  and  profitable  treatment  of  it  becomes 
inseparably  involved  with  thingg  that  He  outside  of  hia  domaiu« 

Yet  under  these  circumstances,  considering  the  e^er- in  creasing  control 
which  Bcicntific  trtith  exerts  over  the  mai^ses  of  men,  considering  too  how 
much  tlie  welfare  of  the  human  family  depends  on  the  precision  and 
soundness  of  it.-?  religions  views,  it  is  the  duty  of  tlie  physiolopst,  if  tor 
the  reasons  that  have  been  specified  he  yields  this  great  subject  to  otJiers, 
to  leave  no  ambiguity  in  the  cxpre.'^sion  of  the  conclusion  to  which  his 
own  science  brings  him.  Kspeeially  is  it  for  him,  whenever  tlic  oppor- 
tunity oflersj  to  assert  and  to  uphold  the  doctrine  of  the  oncnesfi,  tlie  im- 
mortality, tlie  accountability  of  the  soul,  and  to  enforce  those  paramount 
truths  w^itli  wliatever  evidence  the  structure  of  the  body  ean  furnish. 

For  this  reason,  he  can  not  recall  but  with  regret  the  existing  use  of 
many  tenns,  such  as  mind,  intellect,  vital  principle,  spirit,  wdiieli,  thougli 
they  were  at  first  doubtless  employed  as  expressions  of  the  Junctions  or 
qualities  of  the  soul,  have  in  tlie  course  of  time  gathered  other  meanings 
and  confused  the  popnl^  ideas.  They  have  brought  alwut  a  condition 
of  things  in  science  not  milike  that  which  prevailed  in  theologj-  during 
the  reign  of  poI}'theism.  Constrained,  perhaps,  himself  by  the  necessities 
of  language  to  use  such  phraseology,  it  is  for  him  at  tlie  outset  to  leave 
no  doubt  of  the  views  he  entcrtainB,  and,  as  far  as  he  can,  prevent  such 
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expressions  from  frittering  away  the  great  tnith  tliat,  as  tkero  la  but  one 
Gotl  in  tlie  imiverae^  so  there  is  hut  oup  spirit  in  nmn. 

On  one  of  these  terms,  the  vital  pniieiple,  I  way  nmke  a  few  remark?, 

I  since,  trom  beuig  a  mere  expression  of  t-onvenienw,  it  has  by  de-  theviuii 
grees  risen  among  physiciani?  and  physiologists  to  the  rank  of  P"iii;i|iie. 
designating  an  existirij^  agriit^  hy  some  reganled  as  of  the  e.ime  kind  a& 
liglit,  heat,  eleetrifity,  or  gravitation — nay,  even  superior  to  them,  since  it 
is  its  peculiw  attribute  to  hold  them  all  in  eheck.  Aniniateil  by  tliia  ex- 
traordiiiarr'  power,  orgjinic  substances  are  supposed  to  withstand  every 
external  influence,  and  to  subnnt  to  physical  agents  oidy  after  this  prin- 
ciple has  left  them.  Such  a  preposteroofj  doctrine  will  not  l>ear  the 
touch  of  exact  science  for  a  moment.  It  is  only  a  relic  of  the  old  meta- 
physical syetem  of  philosopliiziiig,  which  accepted  a  name  in  lieu  of  an 
explanatii>n,  irlucli  preferred  tlie  dogma  of  the  horror  of  a  vacimni  to  the 
more  simple  but  material  view  of  the  pressure  of  the  air.  By  the  aid  of 
this  imaginary  priTieipIe,  complete  phyaiologieal  systems  ha^e  been  wov- 
en, in  whicli  every  act  and  ever\'  combtion  of  the  anmiiil  economy  is  spon- 
taneously explaine<l,  and  nothing  remains  for  solution.  But  by  the  stu- 
dent of  nature,  whose  niiiul  has  been  trained  in  positive  science,  the  im- 
posture is  detected.  He  sees  at  a  glance  that  this  i.^^  not  the  style  of  the 
Great  Artist.  The  problems  of  organization  are  not  to  be  solved  by  em- 
pirical sehemcs ;  they  require  the  puticnt  application  of  ail  Importanct'  of 
the  aids  tliat  can  be  fiiraished  hy  all  otEier  branches  of  hu-  furo'in  phvsi- 
man  knowledge,  and  even  then  the  solution  conies  tanlily.  ology. 
Yet  there  is  no  cause  for  us  to  adopt  those  tpiiek  but  visionary  specula- 
tions, or  to  despair  of  giving  the  true  explanation  of  all  pliysiological 
facts*  Since  it  is  given  U3  to  kiio^v  our  own  existenect  and  be  conscious 
of  our  own  individualitv,  we  may  rest  assured  that  we  have  what  is  in 
reality  a  far  less  wontleai'ul  power,  the  capacity  of  comprehending  all  the 
iditioaa  of  our  life.  ( iod  has  framed  our  understanding  to  grasp  all 
IMC  things.  For  my  own  part,  I  have  no  sympathy  with  thoBC  who 
say  of  this  or  that  physiological  problem,  it  is  above  our  reason.  My 
faitii  in  the  |iovver  of  the  intellect  of  man  is  profound.  Far  from  supiwa- 
mg  that  there  are  many  things  in  tlie  stnicture  and  fiinctions  of  the  l»ody 
which  we  can  never  comprehend,  I  believe  there  is  nothing  in  it  that  we 
shall  not  at  last  explain.  Then,  and  not  till  then,  will  m;in  be  a  perfect 
monument  of  the  wis<lom  and  power  of  his  Maker,  a  created  being  know- 

^mg  hia  own  existence,  and  capable  of  explaining  it.  In  tlie  application 
of  exact  science  to  physiology,  I  look  for  the  rise  of  that  great  and  noble 
practice  of  medicine  which,  in  a  fUture  age,  will  rival  in  precision  the  me- 
chanical engineering  of  my  times.  In  it,  too,  are  ray  lioiies  of  the  linal 
extinction  of  empiricism.  Even  now  this  method  is  attended  witln  results 
which  must  commend  it  to  every^  thoughlfid  mind,  suice  it  ia  counecting 
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itself  with  those  great  truths  which  concern  the  human  family  most 
closely,  and  ig  bringing  into  the  region  of  physical  tlemonstration  the  ex* 
iatcncc  and  immortality  of  the  aoul  of  man,  aiid  fumiabing  conspicuous 
illuatrationa  of  the  attributes  of  God. 


CKiUTER  n. 

OF  FOOD. 

Th6  natural  Satnlivtaiotir  «f  /^jsi'oiijj/. — 0/  Fo&d  ■■  its  Smirces  and  diusifiaiiian — itt  Vaht  not 
ahifjetli^  drp^dmt  on  itt  CcmfKififion. —  Of  MUk:  its  Cotii/tciiiTicn,  ami  C'sf  of  its  Wnl^r, 
Cini^"t  SiifaFy  Butler,  ami  .S'n/fa.—  I'ariiitioiis  in  ifte  Coiuposiliaa  rf  M'\Bi^ — fJ/'  firettii, — Of 
mixtd  £jiets. —  Of  the  embr^mif  Foot!  of  Birii^,- — ^'utrithn  pf  ucmi'oroHs  ami  /lerfriiorom 
Atiimais. — Food jhmied h[f  f /tints  and  titjilto^td  bif  AmiimLt. —  Uges  of  tit'uied  Fuotl  and  CtKiJt- 
ing. — Absclutt  Amowt  of  Food. 

Physiology  possesses  a  very  great  advanta^  over  many  other  8ciena?a 
Subfiivisionaor  '"  offering  its  leading  proHema  and  doctrines  in  a  certain 
phvsiuiogy.  well-T)iarked  order  or  sequence,  a  connected  whole,  with  only 
here  and  there  points  of  digression,  but  those  points  often  of  very  striking 
interest.  Thus  pursuing  the  train  of  reflections  entered  on  in  the  pre- 
ceding cliapter,  we  aliould  have  to  consider  the  nature  of  tJie  food,  the 
tnajmer  of  its  preparation  by  the  process  of  digestion,  the  mechanism  by 
which  it  is  taken  up  from  the  cn;%-ities  in  which  it  has  been  so  prepared, 
and  that  by  which  it  is  distributed  to  every  part.  We  ahoidd  have  to 
show  the  way  in  which  it  becomes  incorporated  as  a  portion  of  the  living 
mas?,  its  duration  in  that  condition,  and  the  manner  of  its  decay.  AVe 
should  have  to  show  hy  what  ]>hysical  means  and  througli  what  mecha- 
nism the  air  is  introduced  to  effect  the  destruction  of  the  dying  parts,  and 
how,  as  the  consequence  of  this,  a  fixed  temperature  is  maintained.  The 
cau.«es  which  lead  to  variations  of  this  teni|>eraturc,  and  the  manner  in 
which  the  wasted  products  are  removed  by  the  akin,  the  lungs,  the  kid- 
neys, might  next  obtain  our  attention.  The  complicated  machinery  nec- 
essarj'  to  accomplish  all  these  purjMses  requires  to  he  made  to  act  in  uni- 
son in  all  its  different  parts,  a  condition  whicli  introduces  to  U3  the  nerv- 
ous system.  A  consideration  of  the  structure  and  gradual  development 
of  this  system  leads  to  the  structure  of  the  various  orgnns  of  sense,  and 
to  the  operations  of  the  intellectual  principle  itaell*.  Thus  in  succession 
we  should  have  to  treat  of  digestion,  absorption,  circulation,  respiration, 
secretion,  nutrition,  and  iniien^ation,  and  to  close  the  whole  with  the  con- 
Bidcration  of  reproduction.  This  is  the  order  which  I  propose  to  follow^ 
and  shall  devote  this  chapter  to  the  nature  and  qoalitiea  of  the  food. 
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The  supply  of  food  to  animab  requires  a  more  complicated  provision 
than  it  tloes  to  plants,  in  which  the  dahorating  organs,  the  S(,u,.„^j,f  food 
loavos,  presenting  fheiUBclves  supcnliciallj,  are  always  in  foranimaiaHnd 
contact  with  tlie  air,  from  which  much  of  their  nutrition  is  ^  *""' 
derivctt  And  as  one  portion  after  another  becomes  exhausted,  it  is  re- 
newed by  simple  mechanical  agencie&j  each  as  the  trembling  of  the  leai', 
the  warmth  of  the  sun,  or  the  winds. 

Food,  therefore,  comes  spontaneously  to  plants,  which  ne<?d  no  i>ower3 
of  locomotion.  And  thong:h,  as  we  ehaU  heieafter  find,  musculaT  move- 
ment requires  as  its  essential  condition  the  waste  of  tissue,  it  is  not  nec- 
essary for  their  nutrition  tbat  plants  should  destroy  organized  substance. 
But  an  animal  must  seek  its  food,  and  for  tliia  purpose  is  endowed  witb 
locomotion,  involving  the  destruction  of  tissue.  In  a  chemical  point  of 
view,  pknta  are  or^anizin^,  and  animals  destroying  machincH.  Xor  is 
this  general  assertion  controverted  by  tiie  apparent  exceptions  which  are 
here  and  there  presented,  as,  for  example,  that  the  herbivora  can  form 
sugar  and  fat  from  food  in  which  those  substances  did  not  pre-exist,  and 
the  salts  of  the  biliary  acida,  which  are  never  found  in  plants. 

To  obtain  for  animals  the  necessary  supply  of  nutriment,  the  resources 
of  nature  ate  displayed  in  the  most  wonderful  contrivances.  According 
as  tliotr  modes  of  life  may  he,  one  takes  its  food  willi  its  teeth,  anotlier 
with  its  lips,  anotber  with  it3  fore  member,  another  winds  around  it  its 
whole  body.  The  geometrical  spider  weaveg  a  net,  and  lies  in  wait  for 
hia  prey ;  tlie  ant  hon  digs  a  pit  in  tlie  sand.  Some  rely  upon  labor, 
BOmc  upon  force,  some  upon  fraud,     llan  depends  upon  all. 

Viewed  as  regards  its  physiological  distinction,  the  food  is  generally 
coneidered  as  of  two  kinds:  llistogenetic  or  tissue-making,  and  cTassiiicaiion 
Calorjfacient  or  heat-makirg.  Histogenetic  food  furnislies  the  "I"  f''*"'  '"fo 
chemical  substances — carbon,  hydrogen,  oxygen,  nitrogen,  sul-  ,n.t  cniqrifs- 
phur,  chlorine,  phosphorus,  iron,  potash,  aoda,  lime,  &c.  Ca-  '^''■■'''• 
lorifacient  food  furnishes  carbon  and  hydrogen  mainly.  In  consequence 
of  tliis  chemical  constitution,  tissue-making  food  is  sometimes  called  ni- 
trogeniEed,  and  heat-making  non-nitrogenized  food.  The  former  is  also 
sometimes  designated  nutritive,  and  the  latter  respir.itory. 

It  is,  however,  to  be  distinctly  understood  that  these  divisions  are  only 
adopted  for  the  sake  of  convenience,  and  that  tbey  have  no  natural  foun- 
dation. Thug  it  wiU  be  found,  when  wc  examine  the  functions  which 
tlie  fats  discharge,  that  though  they  arc  non-nitrogenized  bodies,  and  are, 
therefore,  considered  ag  belonging  to  the  class  of  respiratory  food,  there 
is  every  reason  to  believe  that  they  are  essentially  nccessaiy  to  tissue 
development,  and  that  tiie  metamorphoses  of  nitrogenixcd  bodies  can 
only  go  on  in  their  presence.  They  are,  therefore,  as  truly  essential  to 
nutrition  as  are  the  latter  substances. 
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Sos  loo,  as  respects  the  alburaenoid  bodies,  of  vrhich  it  would  be  incor- 
rect to  Hjicak  as  tliough  they  were  limited  to  imtrction.  In  their  decay 
Oi'  descending  nictatnorpliosis  in  the  organism,  they  give  rise  to  tlio  evo- 
lution of  heat,  and  are  at  last  dismissed  under  the  aspect  of  products  of 
oxidation.  They  are,  therefore,  as  far  aa  this  goes,  as  much  respiratory 
food  as  are  the  fats  themselvcSi 

Oihi^roUafiii-  Perhaps  the  most  convenient  subdivision  of  food  articles 
cHcigasoffoiMi.  £g  prpgcntcd  in  the  four  following  groups: 

1st.  Carbohydrates,  or  compounds  in  wiiich  carbon  is  united  with 
hydrogen  and  oxygen,  their  proportion  being  that  for  forniing  water* 
Starch,  sugar,  gum,  ccllnlosct  arc  examples. 

2d.  Hydrocarbons.  Compounds  containing  unoxidiaed  hydrogen* 
The  oJlsi  fats,  and  alcohol,  are  examples. 

3d.  Albumcnoid  bodies.  These  contain  nitrogen.  Albumen,  fibrin, 
casein,  are  examples. 

4th.  Salts.  Any  classification  of  food  articles  which  doca  not  cou- 
tain  this  group  is  imperfect;  for  salts  are  not  only  absolutely  essential 
to  organic  processes,  but  also  to  the  consti-uction  of  many  tissues.  As 
an  example  of  the  former  case,  the  chloride  of  sodium  may  be  mentioned  ; 
and  of  the  latter,  the  phosphate  of  lime. 

It  has  been  supposed  that  the  tissue-making  power  of  any  kind  of 
Vatupoffood  food  depends  on  tlic  quantity  of  nitrogen  it  contains,  and 
<Stwj  nut  (1^-      jjj^t  ^(g  value  may  therefore  be  determined  by  chemical  anal- 

pcnil  wholly  Da  .  ,...,  .11  1  1 

i[#coRiro9»-  ysia.  Upon  this  principle  tables  have  been  constructed, 
*'''"■  showing  the  agrjcnltural  worth  of  different  articles  of  forage 

for  domestic  animals.  IJut,  as  will  be  found  hereafter,  when  we  consider 
the  physiological  effect  of  ( he  allotropism  of  bodies,  these  tables  are  not  of 
tiic  use  supposed.  Without  entering  into  details  at  present,  the  case  of 
g^elatiu  may  be  taken  as  an  example;  this,  though  a  substance  aboumlirig 
in  nitrogen,  possesses  no  tis.suc-niak.ing  value,  but  in  reality  belong,^  to  the 
calorifaciciit  class,  and  therefore  its  administration  in  the  gick-rooui,  under 
the  various  wcll-knoT\ni  forms  of  jellies,  soups,  etc.,  is  altogether  decejjtive 
aa  icgardd  an}'  nutritive  power,  since  it  undergoes  speedy  oxidation  in 
the  system,  and  the  products  of  its  change  escape  by  the  kidneys  and  the 
lungs.  The  value  of  food  ia  not  only  dcjicndent  on  tlie  occurreuec  of 
certain  chemical  eleraents ;  they  must  also  be  present  iu  certain  allotropic 
states. 

The  same  remark  applies  to  the  tables  which  have  been  constructed, 
showing  the  amount  of  caloric  furnished  by  cliffercnt  varieties  of  heat- 
mafcing  food*  The  quantity  of  heat  set  free  during  the  combustion  of  a 
substance  depends  not  only  on  the  nature  of  the  elements  composing  it, 
but  also  on  the  jjarticular  states  in  which  they  occur.  Combustibles  may 
have  the  same  chemital  composition,  but  very  different  heating  power. 
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I  Food  which  is  typically  perfect,  is  presented  by  nature  to  the  young 

F       of  various  animals.     In  milk,  or  in  the  egg,  we  ahould  ex-  M[ii,rt»nnnrti. 

'        pect  to  find  whatever  ia  necessary  for  the  growth  of  the  tis-  cleoffocd:  its 

sues,  and  for  the  performance  of  the  functions.     An  exara-  ™  **"" 

ination  of  milk  will  therefore  illustrate  the  eaaential  character  of  the 

different  elements  of  food. 

Compomtion  (if  AfiH: 

Water 873. 

Casein  ..,..,..,.,.. 48. 

Haffvr  of  milk. 44. 

Bnttcr 30. 

riiwiihfflW  yf  liine ,  2.30 

OthEr  Baits. 2.70 

ItXW.OO 

In  this  we  notice,  first,  the  large  proportion  of  water  preaent,  ahnost 
nine  tenths  of  the  wiiolc  amount.  The  double  duty  of  this  xhc  waie?  of 
water  has  already  been  mentioned,  to  remove  from  the  sys-  ""il^- 
tein  effete  siihatanccs  which  are  not  of  a  vaporous  or  gaaeou3  form,  and 
which  can  not  escape  through  tlic  Inngs,  and  to  regulate  the  temperature 
by  evaporation.  We  might  have  added  to  these  that  it  imparts  a  due 
fluidity  to  the  blood.  These  are  conditions  as  necessary  to  the  Infanl 
as  to  the  adults  and  it  should  be  remembered  that  two  tliirdg  of  the 
weight  of  the  body  arc  water. 

Next  follows  the  nitiogenizcd  iJrinciple  caseinT  which  ia  closely  re- 
lated in  composition  to  muscular  flesb.  It  is  the  tissue-mak-  xiie  oiaein  of 
iiig.  hislogcnetic,  or  nutritive  element  of  the  milk,  and  has  been  '^"^^■ 
elaborated  from  the  albumenoid  substances  of  the  mother^s  system.  It 
is  to  be  converted  into  the  muscular,  gelatinous,  and  other  sot\  tissuea  of 
tlic  infant. 

Casein  is  one  of  a  group  designated  aa  the  neutral  nitrogenizcd  bodies, 
of  which  some  of  the  more  prominent  are  albumen,,  fibrin,  Natiirc  rjfprw- 
and  globulin.  From  an  opinion  that  these  all  contain  the  '*'"  'wdies. 
same  organic  radical,  they  arc  often  tenned  the  protein  bodies.  They 
appear  to  exist  in  two  different  physical  conditions,  soluble  and  insolu- 
ble in  water;  they  all  contain  sulphur,  and  exhibit  a  proncncsa  to  pass 
into  the  putrefactive  fermentation.  As  this  takes  place  when  they  have 
reached  a  certain  stage  of  decay^  they  act  itpon  other  bodies  as  ferments, 
Their  constitution  is  represented  in  common  by  the  formula 

c.«  n,,  0,  i\, 

of  the  whole  group,  albumen  may  Ije  taken  as  the  type  and  most  import- 
ant member.     Indeed,  as  will  be  found  liereafl:er,  in  the  process 
of  digestion  the  others  are  invariably  converted  into  it.     The 
white  of  the  egg  and  the  senim  of  the  blood  arc  usually  referred  to  aa 
examples  of  albumen,  though  tliey  differ  in  several  particulars  from  one 
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BDOther.  Alhumen  tbrms  basic*  neutral,  and  add  compouudB.  It  is  a 
"basic  albuminate  of  soda  which  is  found  in  tlie  egg  and  in  scrum  of 
blood.  In  certain  diseased  conditions  the  blood  contains  the  neutral  al- 
l>Uiiiinatc. 

Casein  presenta  nearly  the  same  constitution  aa  albumen,  hut  differs 
from  it  in  its  physical  properties ;  for,  while  a  solution  of  albumen 
is  coaguliible  by  heat,  one  of  casein  is  not,  hut  lactic  and  acetic 
acids  coagulate  it,  though  they  have  no  aucii  ctfoct  on  albumen.  While, 
BO  far  as  their  protein  nucleus  is  concemedt  the  two  aubstancea  agree  in 
composition,  they  differ  in  this  respect,  tiiat  casein  appears  to  contain  a 
leas  proportion  of  sulphur,  and  no  pho&phoma.  It  ia  interesting  to  re- 
mark that,  during  incubation,  casein  arises  from  albumen  in  the  eggs  of 
birds. 

Closely  allied  to  albumen  and  casein,  and  having  the  same  protein  tiu- 
cleus,  is  fibrin,  which  likewise  exists  in  two  states,  soluble  and 
insoluble.  Its  solidification  or  coa^ilation  cnn  be  produced  by 
the  action  of  sulphuric  etlier,  wiiicli  does  not  aflcct  fllbumen.  iVIoreover, 
in  the  coagulated  state  fibrin  decomposes  the  deutoxide  of  Iiydrogen, 
but  albumen  does  not.  Tlie  most  important  difference  Ijetween  lliem  is, 
that  in  the  act  of  coagulation  albumen  shows  no  disposition  to  assume  a 
definite  structure,  but  fibrin  does — ^fibrillating,  as  it  is  termed.  The 
analogy  of  constitution  and  closeness  of  relation  of  the  two  substances  ia 
demonstrated  by  the  fact  that  by  nitrate  of  potash  coagulated  fibrin  may 
be  charged  into  albumen,  and  the  same  conversion  is  accomplished  in  the 
stomach  by  the  digestive  juices. 

It  is  generally  supposed,  however,  that  fibrin  contains  a  larger  pro- 
portion of  oxygen  than  albumen,  a  conclusion  which  seems  to  be  confinn- 
ed  hy  physiological  considerations  respecting  its  origin.  For  this  reason, 
Mulder  describes  it  as  a  higher  oxide  of  his  hypothetical  protein.  It  al- 
ways is  associated  with  fat,  ox,  perhaps  more  correctly,  with  soaps  of 
ammonia  and  lime. 

Fibrin  ia  found  in  the  chyle,  lymph,  and  blood.  In  the  latter  fluid 
its  (piantity  varies  in  diftejcnt  parts  of  t]ic  circulation.  The  blood  of  the 
portal  vein  yields  it  in  smaller  projiortlon  than  that  of  the  jugular.  It  is 
also  aflectcd  very  much  by  diet :  thus  Lehniann  found  that  under  an  ani- 
mal diet  there  was  much  more  fibrin  in  hJa  blood  than  under  a  vegeta- 
ble one,  a  result  which  has  been  confirmed  by  espcrinienta  on  dogs.  It 
has  also  been  observed  that  its  quantity  is  increased  during  starvation. 
But  the  blood  of  lierbivoroiis  animals  contains  more  than  that  of  carnivo- 
rous ones,  and  that  of  birds  contains  the  most  of  all. 

These  remarks  on  the  composition  and  physical  properties  of  casein, 
albumen,  and  tibrin,  have  been  introduced  for  the  purpose  of  illustrating 
the  facility  with  which  these  bodies  are  mutually  convertible,  and  more 
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particularly  for  showing  tl:iat  there  Is  nothing  whatever  myaterioua  in 
the  casein  or  curd  of  milk  arising'  from  the  alLuininous  scrum  of  the 
mothers  blood,  and  being  transmuted  into  the  fibrin  atructure  of  the 
mnscular  tissues  of  the  infant. 

Eetuming  now  to  our  examination  of  the  composition  of  milk,  as  set 
forth  in  the  prepediiig  table,  we  find  that  two  respiratory  el-  The  su^ar  and 
ements  are  next  upon  the  list :  1st.  Sugar  of  milk,  which  is  ''"^"^  of  milk. 
to  he  converted  into  lactic  acid,  partly  by  the  agency  of  the  saliva,  and 
chiedy  in  intestinal  digestion ;  2d.  Batter,  which  is  the  oleaginous  or 
fatty  portion,  and  of  which  a  part  is  to  be  deposited  in  the  adipose  tla- 
snes  for  a  time  of  need,  and  a  part,  along  with  the  lactic  acid  and  excess 
of  augar,  is  to  be  burned  at  once  for  the  production  of  heat. 

The  inorganic  body,  phospliate  of  lime^  is  neceseaiy  for  the  earthy  por- 
tion ofthe  skeleton,  and  probably  the  reason  of  the  introduction  .p.    ^  I      - 
•of  casein,  to  the  exclusion  of  other  protein  compounds,  depends  duIk,  jmnicu. 
on  the  power  it  possesses  of  holding  phosphate  of  lime  in  solu-  J.^^i'i,  ^'J^"^ 
tion,  not  less  than  C  jwr  cent,  of  its  weight  of  this  earthy  body  chloride  of  «>- 
being  often  obtainable  from  it.     Among  the  other  gaits  of     '^'"" 
the  milk,  chloride  of  sodium  may  Ije  pointed  out  aa  of  special  im^wrtance. 
It  undergoes  decomposition  in  the  system  of  the  infant,  its  hydrochloric 
acid  giving  acidity  to  the  gastric  juice,  its  soda  entering  into  the  compo- 
sition of  the  bile  and  various  Bali^ary  secretions.      It  also  imparts  sohi- 
bility  to  albumen,  and,  in  some  degree,  rcgidates  the  facility  with  which 
that  substance  coagulates.     It  impedes  the  coagulation  of  librin. 

Milk  is  not  a  chemical  compound,  but  a  variable  mixtui"e  of  diiFcrent 
ingredients,  which,  under  proper  ci re nni stances,  may  be  sepa-  Mflkhigof 
rated.  "When  the  fluid  ia  allowed  to  rest  for  some  hours  at  the  'j""'"''' 
ordinary  temperature,  the  fat-globulea  rise  to  the  surface  aa  cream,  which, 
submitted  to  a  strong  agitation  with  air  in  the  process  of  churning,  forma 
butter. 

The  casein  of  milk  can  be  readily  coagulated  by  rennet  (which  is  the 
mucous  mcm,brane  of  the  stomach  of  the  calf)  at  a  temperature  MakiTigof 
of  120^.  If  parted  from  the  residual  whey,  mixed  with  a  Utile  '■'^*'"'^''^'- 
salt  and  yellow  coloring  matter,  and  subjected  to  the  action  of  a  Buitablc 
press,  it  ia  formed  into  cheese.  No  better  examples  of  the  tissue-mak- 
ing and  heat-making  elements  of  food  can  be  offered  than  cheese  and 
butter  respectively. 

When  milk  is  exposed  to  the  air,  its  sugar,  under  the  influence  of  the 
caeein  or  curd,  gradually  disappears,  turning  into  lactic  acid,  Uoii^-ndit  in 
and  the  milk  becomes  sour.  The  composition  of  sugar  and  »*>"'■  "'t^''- 
lactic  acid  is  such,  that  we  might,  without  much  error,  say  that  an  atom 
of  angar  symmetrically  bisected  will  yield  two  atoms  of  lactic  acid.  This 
effect  ia  produced  by  the  casein  commencing  to  pass  into  a  state  of  de- 
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cay  under  the  influence  of  the  atmosptcric  air.  It  is  likewise  produced 
during  digestion  by  the  aalivar  and  also  by  the  pancreatic  juice.  The 
turning  sour  of  milk  on  the  stoinacli  is  due  to  the  transniutation  of  it  a 
sugar  into  lactic  acid. 

jln  infant  finds  in  its  mother's  railt  whatever  it  wants  for  tlie  growth 
Piiviiioiiof-icai  of  it3  own  body.  In  its  system  the  curd  resumes  tlie  form 
us*i  of  uiUk.  of  albumen,  or  passes  into  the  condition  of  fibrin  or  syntonin, 
and  in  this  manner  its  muscular  and  gelatinous  tissuea  are  made.  The 
butler  is  deposited  in  the  adipose  cells,  or  burned  at  once  for  the  pro- 
duction of  animal  lieat,  a  part  of  it,  however,  being  incidentally  consumed, 
as  will  be  liereaftcr  explained,  in  the  ihbrication  of  fibrin  and  for  other 
histogenetic  purpoaea.  The  phosphate  of  lime  is  carried  to  the  osseous 
system,  now  in  a  state  of  rapid  increase,  atid  bone  is  formed  from  it. 

But  though  milk  i3  so  well  adapted  to  the  wantg  of  infantile  life,  it  is 
unsuElcd  to  the  adolt.  Its  nitrogenized  principle,  casein,  though  in  auf-' 
ficicnt  quantity  for  the  repair  of  muscular  waste  and  de^'elopment  at  tlie 
former  period,  is  inadequate  to  these  purposes  at  the  latlcr,  when  de- 
Btruction,  arising  from  the  incessant  activity  of  the  mnscril.ir  system,  is 
„  .  , .  .  80  greatly  increased.  It  is  interesting  to  rcra.irk  how  the 
of  milk  fordif-  composition  of  milk  is  modified  when  there  is  a  necessity  to 
enntuuia  meet  these  indications,  ita  nitrogcnizcd  principle  being  in- 
creased in  the  case  of  animrls  such  as  tlie  cow  and  horse,  the  young 
of  wliich  commence  locomotion  almost  at  birth,  or  at  a  far  earlier  period 
than  the  human  infant.  TliLij  excess  of  casein  is  necessary  for  the  re- 
pair of  the  resulting  waste, 
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This  tabic  presents  an  explanation  of  the  un suitableness  which  is 
Bometimes  remarked  in  the  milk  of  the  cow  when  used  for  the  nourigh- 
mont  of  children.  Jlilk  which  is  adapted  to  the  wants  of  the  calf  is  not 
adapted  to  the  functional  wants  of  the  child.  Experience  has  taught  the 
nurse  that  these  difliculties  may  ui  part  be  removed  by  diluting  it  with 
water  and  sweetening  it  with  sugar,  the  effect  of  this  Iwing  to  reduce  the 
jjerccntagc  of  the  nitrogcnizcd  clement,  the  casein,  and  to  increase  that  of 
the  respiratori',  and  so  approximate  the  composition  more  closely  to  that 
of  human  milk. 

moreover,,  milk  is  not  suitable  as  the  sole  nourishment  of  adult  life, 
eince  it  does  not  contain  in  sufficient  quantity  tliose  phosphoriaed  cora- 
poimds  which  arc  necessary  for  the  repair  of  the  waste  of  the  cerebral  and 
nervoiia  tissues,  winch  at  this  period  are  much  more  active  than  in  infancy. 
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Variations  in  the  composition  of  milk  from  its  normal  standard  are  ob- 
served to  depend  upon  age  and  bodily  health.     Young  fe-  lodoenw  rf 
males,  fi-om  iiflt«n  to  twenty,  yield  a  milk,  more  rieh  in  aol-  ^^t^^m-,. 
ids  than  that  which  is  given  at  ihirty-fiv^e  or  forty.     Ge^ta-  «iion  rf  milk, 
tion  ftl  3  late  period  increases  the  eoUd  portions,     Xhe  following  table 
of  Vemoid  and  Becqaerel  illuatrates  the  intlaence  of  disease: 

Tnjimemv  ef  Uiarate  on  the  Corutitatio*  ^  JlfiBc. 
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From  this  consideration  of  the  nature  and  properties  of  the  food  of  in- 
&I1CT,  we  may  pass  to  the  examination  of  that  of  the  mature  period. 

Experience  haa  shon-u  that,  of  all  articles  of  food,  bread  made  from 
wheaten  flour  meets  best  the  requirements  of  the  adult  lite  of 
man.      it  eeeme  to  contam  all  that  is  necessary  tor  support.      A 
very  simple  analysis  will  show  how  it  presents  both  the  respiratoTy  and 
nutritive  element.^. 

If  such  flour  be  made  into  a  paste  wtth  water,  and  be  f^dually  washed 
with  a  larger  quantity,  an  elastic  coherent  nia.'*s  is  left,  find  KsAmination 
the  water  attf^umes  a  milky  turbidity.     After  a  time  it  be-  wi,tir»i?dor 
cornea  clear,  through  the  settling  of  a  white  precipitate,  which  other  grains. 
is  starch,  the  leading  member  of  the  respiratory  group.     The  elastic  snb- 
stance  is  gluten,  which  is  a  tnie  vegetable  fibrin,  mixeil  with  anothet- 
nitrogenized  Itody,  ghatline,  which  may  be  removed^  along  with  a  certain 
qiianiity  of  oil,  by  washing  "v^nth  ether  and  alcohoL 

Thus,  simply  by  washing  in  water,  flour  may  be  separated  into  two 
physiological  elements,  rcsjiiratory  and  nutritive,  the  former  being  the 
starcitt  atid  the  latter  the  plutcn.  The  relative  ([UiLniity  of  these  mibatan- 
cea  (litlcra  in  dirtereiit  eaaiples  of  flour,  and,  other  things  being  equal,  thi- 
greater  the  atnoant  of  gluten  the  more  valuable  the  sample,  because  the 
more  nutritions.  It  is  interesting  to  remark  that  the  liquid  from  which 
the  starch  has  settled,  if  brought  lo  the  boiling  point,  becomes  turbid 
again,  &om  the  coagulalion  of  the  vegetable  albumen  it  contains. 

Otlier  grains,  treated  in  the  satne  manner,  yield  sbniiar  results.  Tin- 
flour  of  barley  and  of  tlic  oat,  when  washed  with  water,  do  not,  however, 
yield  gluten,  but  a  pure  flbrin,  with  a  separation  of  stiu"ch. 

The  tibrin  occurring  in  these  grains  is  replaced  in  other  nutritions 
seeds,  sucJi  as  peas  and  beans,  by  leguuiin,  which,  like  the  casein  of  milk, 
does  not  coagulate  by  boiling,  bnt  merely  forms  tenacious  skins  as  it  is 
evaporated.      The.^  may  be  rcLuoved  by  skimming.      This  substance, 
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which  presents  many  analogies  to  casein,  is  coagul;il>le  hy  acetic  acid 
and  alcohol,  and,  it"  mixed  witli  sugar,  turns  ciudy,  and  becomes  sour 
from  the  presence  of  lactic  acid.  It  differs  from  casein  in  not  dissolving 
in  concentrated  acetic  acid,  and,  when  precipitated  by  an  acid,  being  un- 
acted on  by  carbonate  of  lime.     It  is,  however,  coagulated  by  rennet. 

Thus,  when  we  use  bread  made  of  any  of  the  common  varieties  of  flmir, 
we  find  in  it  Ijoth  kinds  of  food,  the  respirato]^  and  nutritive — the  torraer 
as  starch,  and  the  latter  as  hbrin. 

But  civilized  man  has  greatly  improved  on  the  simple  diet  winch  Na- 
Uflcoftiutter  ^^^^  furnishes,  antU  without  knowing  the  immediate  or  philo- 
on  bn-ad  Bophical  Tcasoii,  hag  added  articles  which  increase  the  respira- 
tory element.  The  proverb  aaya,  '*It  is  good  to  have  bread,  but  it  is 
better  to  have  bread  and  butter."     Let  us  examine  why  it  is  so. 

Wheaten  flaur,  in  its  relations  to  tlie  animal  system,  is  defective  in  one 
point — its  respiratory  element^  the  starch.  Now  tlic  constitution  of  starch 
ia,  that  in  its  dry  state  it  contains  much  more  tlian  half  its  weight  of  wa- 
ter, none  of  its  hydrogen  being  tree-,  but  ail  oxidiacd.  It  is,  tiierefore, 
only  by  the  use  of  very  considerable  quantities  of  bread  that  the  neceg- 
aary  amount  of  respiratory  food  can  l>e  Imd  for  keeping  up  the  tcmjKra- 
tuTc  to  the  proper  degree.  Hut  if  butler  be  put  upon  tlie  brcitd,  the  ett'eet 
is  different  In  eornmon  witJi  all  oleaginous  bodies,  butter  contains  an 
excess  of  hydrogen,  and  therefore,  under  the  same  weiglit,  possesses  a 
very  high  heating  power.  The  defect  of  the  flour  is  thus  compensated, 
and  by  the  use  of  quite  a  moderate  quantity  a  high  temperature  cjui  be 
mahitained. 

It  would  be  very  interesting  to  examine  in  this  way  the  physiological 
relations  of  the  diets  adoj>ted  by  communities  of  men,  and  the  great 
changes  which,  at  quite  a  recent  period,  have  taken  place  through  the  in- 
trnduL'tion  of  tea,  coffeCi  and  chocolate  on  an  extensive  scale  among  civ- 
ilized nations.  Jiefore  tlie  discovery  of  the  passage  to  the  p^ast  by  the 
Cajie  of  Good  Hope,  and  the  establishment  of  direct  commercial  rehitions 
between  Western  Europe  and  Ciiina,  the  general  diet  of  the  agricultural 
iclasses  consisted  chiefly  of  the  common  products  of  the  farm  and  su})~ 
or  mised  di.  Btances  readily  obtained  in  domeBtic  eeonom3%  such  as  bread, 
chL4ae*a'nd  ^^^  chccse,  and  bccr.  In  a  theoretical  point  of  view,  we  can 
beer.  Bcarcely  conceive  of  a  diet  more  conducive  to  the  sustenance 

of  the  bodily  frame.  The  constitution  of  wheat  flour  showa  that  it  con- 
tains the  elements  necessary  for  life  ;  and  cheese,  which  may  be  regarded 
as  the  prciiervcd  curd  of  milk,  is  an  excellent  flesh-producing  body,  the 
casein  of  which  it  consists  being  readily  convertible  into  rauscle-tibrin. 
The  common  salt  used  in  its  preparation  promotes  the  fiinction  of  diges- 
tion, by  fnmishmg  hydrochloric  acid  and  soda.  In  addition,  there  are 
also  in  the  beer,  an  alcoholic  and  intoxicating  liquid,  all  the  advantages 
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of  a  highly  combustible  body  tor  ihe  purposes  of  respiration.  Whatever, 
iheretUre,  \»  requisite  for  the  well-being  of  the  animai  economy  is  prceent 
in  abundiiiice  in  such  a  diet. 

from  an  examination  of  the  diet-scales  of  the  educational  and  invalid 
establishment;*  of  London,  the  prif^ons  and  the  hospitals,  Benck6  obtains 
the  result  that  the  nitrogeuizcd  should  be  to  the  non-nitrogenized  food  in 
weight  as  one  to  tive.  From  other  data,  Frerichs  calculates  ItnLi-i  of  niiro- 
that  tlie  diunial  consumption  should  \ie  2.17  oz.  avoirdupois  ^^"'^.tfr^yp^n. 
of  nitrogenizcilj  mnl  1-J,y4  oz,  avoirdupois  of  non-nitrogen-  ized  food. 
ized  food,  that  Ik,  about  as  one  to  Beven.  Whatever  is  taken  more  than 
this  is  superfluou3. 

The  pevculiar  advantages  anaing  from  the  ubc  of  casein,  which  in  a  boIu- 
ble  form  possesses  the  quality  of  dissolving  large  quantities  of  phosphate 
of  lime,  un<|ueBtionabiy  determine  its  employment  as  a  constituent  of 
milk.  Bui  tlierc  are  circuni stances  under  which  a  necessity  aiis^  for 
the  use  of  other  iiitrogenized  compounds,  such  as  albumen,  in  early  nu- 
trition ;  and  then  it  ia  remarkable  by  what  indirect  methods  the  difficulty 
of  its  want  of  solvent  powt^r  over  that  CJirthy  body  is  compensated  for. 
The  fwtal  period  of  the  life  of  birds  funiisiiea  an  example.  In  tlio  e^ 
there  is,  of  course,  whatever  is  wanted  for  the  development  l)evelni>ment 
of  the  young  animal ;  for,  merely  by  the  process  of  incuUv  ^ij*(,'''r.'uriK?ii 
tion,  or  submitting  the  egg  to  a  due  temperature  tor  a  auita-  of  iis  [.*«». 
ble  length  of  time,  with  the  access  of  atmospheric  air,  the  young  chicken 
forms,  with  all  its  parts  complete — its  bony,  muscular,  nervous  systems, 
feathers,  beak,  claws.  The  phosphate  of  lime  req^uired  for  the  skeleton 
is  not  present  as  such,  but  is  formed  as  incubation  goes  on ;  for  in  the 
yolk  there  is  free  phosphorus,  to  which  the  air  finds  access  through  the 
pervious  shell,  and,  effecting  its  oxidation,  phosphoric  acid  is  the  result. 
This  reacts  on  the  carbonate  of  lime,  of  which  the  shell  consists,  decom- 
poses it,  and  the  phosphate  of  lime  forms.  For  this  reason  we  observe, 
as  the  incubation  proceeds,  that  tJie  sliell  becomes  lighter  and  thinner. 
The  albuminous  fluid  which  constitutes  the  wliite  of  the  egg  has  little 
power  of  holding  bone-eartli  in  solution  ;  Ijut  by  manufacturing  the  salt 
in  this  manncrt  aa  it  is  wanted,  the  development  of  the  young  bird  goes 
on  without  difficulty.  To  insure  the  due  supply  of  oxygen,  an  air-bub- 
ble is  placed  at  the  broad  end  of  the  egg,  so  that,  should  any  transient 
circumstance  interfere  with  the  passage  of  air  ihrougli  the  pores  of  the 
sliell,  there  is  a  little  resen'oir  of  that  material  on  which  to  rely. 

The  mammalia  find  in  milk  all  that  they  need  in  their  infantile  life 
for  their  nutritive  purposes.  In  the  same  manner  birds,  in  their  ffetal 
life,  have  wliatever  they  require  in  the  egg.  For  the  former,  casein  is 
the  nutritive  element;  for  the  latter,  allmmen.  In  both  cases  a  ready 
transmutation  of  that  element  into  muscle-librin  occurs. 
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At  a  nialurer  period  of  life,  animah  mny  be  divided  into  two  groups, 
samivorous  and  lierbivoroua,  or  ihose  whjcli  feed  exclusively  on  flesh, 
and  those  which  feed  on  YegetaLIe  substances.  Between  these  may^ 
perhaps,  lie  introduced  a  minor  group,  partaking  of  the  manner  of  life  of 
both. 

The  camivorouB  animal  finds  in  its  prey  all  that  is  required  for  nutri- 
jfyjj^ijp^  of  ^^^"'  ^"^  *'^^  discliarge  of  it3  functions.  Digestion  nnder  these 
carnivonjus  circumstances  is  reduced  to  its  simplest  conditions,  and  is 
scarcely  more  than  a  process  of  solution.  In  the  atoniach  the 
fibrin  is  brouglit  into  a  soluble  form ;  in  the  duodenum  the  fats  are  re- 
duced to  an  enmliiion.  The  digestive  apparatug  has  but  little  complexi- 
ty. The  Htomach  may  be  regarded  as  a  mere  enlargement  or  pouch  upon 
the  alimentary  canal,  having,  along  with  the  intestine,  the  office  of  bring- 
ing the  tnod  into  such  a  condition  that  it  ean  l>e  taken  up  by  the  veins 
and  lactcals,  and  &o  pass  into  the  circulation.  The  varioua  constituents 
now  revert  into  the  same  state  in  ivhich  they  were  before  digestion  be- 
gaUt  the  tibrin  aidiiig  in  the  repair  of  the  wasted  mudcular  tissues,  and 
the  fats  being  deposited  in  the  adipose  cells.  The  bones,  feathers,  and 
other  such  matter.-^  as  have  not  been  difisolved  by  digestion,  arc  cast  out. 

In  the  production  of  heat  and  motion  the  carnivorous  animal  eonsmuee 
itself,  and,  through  the  Oxidation  incessantly  going  on  by  means  of  the 
air  introduced  by  respiration,  carbonic  acid,  ammonia,  water,  suljjlmiic 
and  piiosplioric  acids  are  constantly  forming. 

On  a  sujwrficial  view  it  might  be  supposed  that  in  the  other  group, 
--  , . .      ,  the  iicrbivorous,  the  case  is  quite  different.      These  seem  to 

Nbtntion  or  .  ,  .    7         .       ,  , 

herWvorpuB  spend  all  their  lives  in  obtaining  tnod.  The  o.\  or  the  horse, 
nnjma  s.        ^^^^  ^^^^  -^^^^  ^^^  pasturcs,  is  all  the  day  long  cropjung  the 

^ass.  Oa  a  compariaon  of  the  quality  and  nature  of  the  food  wlucli 
they  take  with  the  substances  of  which  their  bodies  consist,  there  seems 
to  be  nothing  in  common.  It  was  not,  therefore,  without  reason  tlnat  tlie 
earlier  pliysiologists  imputed  to  the  digestive  organs  of  this  claKs  the 
j>ower  of  forming  flesh  and  blood  from  vegetable  matters,  Wlien,  how- 
ever, we  come  to  a  critical  examination  of  the  facts,  wo  find  that  there  ig 
no  essential  difference  between  thoni  and  the  caniivora. 

When  the  cxpi-esscd  juice  of  vegetables  is  permitted  to  stand  for  a 
time,  though  it  mav  liave  lx«n  clciir  at  fir^t,  a  turbidity  set^  in,  and  a  flakv 
material  is  deposited.  The  substance  tiiua  posaes-sing  the  power  of  spon- 
taneous coagulation  is  identical  in  lliat  property,  and  in  composition,  with 
animal  fibrin.  After  its  deposit,  if  thp  clear  liquid  Ix?  warmed  to  near  the 
boiling  pohit,  it  again  becomes  turbid,  and  a  second  nitrogenized  8ub- 
i*tance  eubpldes,  which,  from  its  quality  of  coagtilating  by  ri.'^c  of  tempera- 
turc  and  its  analysis,  is  inferred  to  he  identical  with  animal  albumen. 
When  this  has  been  separated  by  filtration  or  otherrviee,  and  the  juice  is 
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slowly  evaporated,  there  come  on  its  surface  skina  of  a  body  having  thp 
same  qualities  as  casein ;  &o  fibrin,  albumen,  and  ca.iein  pre-exist  in  plants. 
,  Fatty  matters  of  every  description  may  also  be  extracted  from  vege- 
table products.  From  leaves,  seeds,  bark,  wood,  etc.,  oleaginous  bodies 
can  be  obtained  by  the  action  of  sulphuric  ether,  which  removes  the  fat, 
and  leavea  it  on  subsequent  evaporation. 

It  beiiig  thus  understood  that  the  food  of  the  graminivorous  aiiimals 
contains  nitrogenized  bodies  and  fata  ready  foitned,  we  have  clearer  views 
of  the  function  of  digestion  in  those  tribes.  It  is  not  necessary  to  im- 
pute to  their  digestive  organs  the  power  of  creating  fleah  and  tat  from 
vegetable  matter.  The  office  of  the  animal  Js  mctely  to  collect.  The 
two  groups  being  compared  together,  the  carnivorous  animal  receives  un- 
der less  compass  the  required  amount  of  nutrition,  and  its  digestive  ap- 
paratus is  more  compact.  But  the  graminivorous  animal  must  all  the 
day  long  collect  large  quantities  of  food,  out  of  which  it  may  extract  the 
little  nutrient  matter  they  contain.  The  carcass  of  an  animal^  seized  by 
a  lion,  is  almost  all  digestible,  but  it  would  require  a  very  large  amount 
of  herbage  or  of  grain  to  be  auppHcd  to  an  ox  to  make  up  tlie  same  quan- 
tity of  albumen  or  fat.  Hence  the  necessarj'  comjilexity  and  size  of  the 
digestive  organs  of  the  herbivorous  group,  and  hence  many  of  their  hab- 
its of  life. 

Moreover,  we  see  that  even  in  tliia  apparently  extreme  case  the  ani- 
mal system  does  not  clearly  exhibit  any  quality  of  exerting  Food  formed 
a  formative  action,  nor  of  grouping  atoms  into  a  state  of  .jj^ft.*"^"  i^.^ 
higher  organization.  It  possesses  no  special  power  of  mak-  animaiB.. 
ing  flesh.  To  the  vegetable  world  we  have  to  look  as  the  great  forma- 
tive agent.  In  the  organism  of  plants  the  various  compounds  wanted 
by  animals  arc  fabricated.  Animals  destroy  those  compounds,  and  in 
80  doing  noaintain  a  high  temperature,  irrespective  of  atmospheric  con- 
ditions, and  give  rise  to  the  phenomena  of  motion  and  intellectuality. 

Universal  experience,  as  well  as  direct  experiment,  proves  that  in  the 
case  of  man  health  can  not  be  maintained  on  a  uniform  diet,  however  it 
may  be  with  animals.  A  mixed  food,  which  varies  from  time  to  time, 
seems  to  be  essential ;  and  there  can  not  be  a  doubt  that  the  changes 
which  physicians  have  recognized  in  the  nature  of  the  predominating  dis- 
eases, from  century  to  century,  are  connected  with  changes  which  have 
taken  place  in  the  nature  of  the  diet.  The  introduction  of  tea,  coiFee, 
the  polatoe,  and  tobacco,  must  have  made  a  marked  impression  in  these 
respects. 

Undue  excesses  of  albumen,  oil,  or  starch,  in  the  diet  of  an  individual, 
produce  a  liability  to  arthritic,  bilious,  and  rheumatic  affcc-  Kfieessiiiy  nl  a 
lions.  An  abstinence  from  fresh  vegetables  and  fruits  devel-  ^^''.'11?^'" 
ops  BCOrbuliC)  and  a  deficiency  of  oleaginous  materials  scrofu-  uf  cooking. 
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lous  disease.  It  is  evident  that  a  control  over  these  affections  may  be  ob- 
tainedt  or  even  their  cure,  to  e,  considerable  extent,  accomplished,  by  suit- 
able changes  in  the  nature  of  the  food.  This  is  strikingly  »ecn  in  the 
improvement  of  the  health  of  sailors  during  long  voyages,  since  the  intro- 
duction of  vegetable  preparations  or  acid  juices.  In  1726,  Admiral  Ho- 
sier sailed  from  England  to  the  West  Indies  with  seven  ships  of  the 
line,  and  lost  his  whole  crew  twice  by  scurvy.  The  circumnavigation 
of  the  globe  is  now  often  accomplished  ivithout  the  loss  of  a  single  man. 

I  have  already  remarked  the  insufficiency  of  the  tables  setting  fortb 
the  value  of  articles  of  food  as  dependent  on  their  cheuiical  constitution. 
Such  tables  are  of  little  use,  agriculturally,  in  the  case  of  animals,  and 
still  less,  physiologically,  in  the  case  of  man.  The  art  of  cooking  does 
not  minister  alone  to  the  gratification  of  the  palate,  it  lends  a  real  assist- 
ance to  the  openition  of  digestion.  New  elements  may  not  have  been 
added,  nor  existing  once  removed  in  submitting  the  food  to  the  action 
af  a  higli  temperature,  yet  such  a  change  is  thereby  impressed  upon  it 
that  it  becomes  more  capable  of  digestion,  and  more  subservient  to  the 
wants  of  the  economy. 

In  determining  the  absolute  quantities  of  nutrient  substancea  required 
The«>.soVic  "^y  ^^"^  systeniT  Lehinann  observes  that  t[]ere  are  tlirec  mag- 
quHiitiij'  of  nitudes  which  we  are  especially  called  upon  to  consider:  the 
first  is,  the  quantity  of  food  requisite  to  prevent  the  animal 
sinking  from  starvation  ;  the  sccoud  is,  that  which  affords  the  right  sup- 
ply of  riourishracnt  for  tlie  perfect  accomplislinicnt  of  tiie  functions  ;  and 
the  last  is,  that  which  indicates  the  amount  of  nutrient  matter  wliich 
may,  under  tlie  most  favorable  circumstances,  be  subjected  to  metamor- 
phosis in  the  blood.  The  method  of  finding  the  niiniuium  of  food  nec- 
essary to  support  life  by  stojiping  all  BU|»plie3  without,  and  determining 
the  quantities  of  matters  which  the  orgaiiism  uses  by  the  excretion  of 
urine,  fs^ces,  expii-ed  and  transpired  products^  though  it  has  yielded  re- 
sults of  the  utmost  importance  to  science,  is  nevertheless  not  altogether 
reliable,  for  in  such  a  state  of  inanition  the  system  is  brought  into  a 
morbid  condition,  or,  at  all  events,  is  not  acting  In  a  normal  way.  Jlore- 
over,  much  depends  on  the  activity  with  wliich  liie  vaiioua  functions  are 
carried  forward,^  a  necessity  for  nourishment  increasing  with  increase  of 
external  activity.  And  as  to  the  amount  of  food  demanded  lor  the 
niainlciiance  of  the  system  at  its  standard,  it  must  be  borne  in  mind 
that  of  the  four  classes,  the  carboiiydratea,  the  fats,  the  albuminous  mat- 
ters, and  the  salts,  no  one  alone  will  answer  the  purpose,  but  all  must 
be  employed  together,  and  this  in  variable  pro|>ortion,  according  as  the 
local,  and  therefore  variable,  wastes  of  the  system  may  have  been.  These 
considerations  indicate  how  complicated  the  problem  we  have  in  view 
really  is. 
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From  the  experitneeits  of  Bouseiii^ult  witli  Ttterence  to  fat»  and  of 
Bidder  and  Seliiutdt  with  retcreiice  to  the  albuiuiiiatea,  and  MsKimumtini- 
of  Von  Becker  with  reference  to  the  carbohydratea,  we  Jeani  ^f^^i;^;;!;;';'^"; 
that  only  definite  quantities  of  tlicae  substances  can  be  ali-  uieni«orrood. 
8orl>ed  by  tbc  intestine  in  derinite  periods  of  time.  Tliis  inaximuni  limit 
is,  however,  far  more  tlian  the  necessities  of  the  system  require  ;  iience  in 
overfeeding,  thougli  muuh  of  the  excess  of  food  passes  away  with  tlic  ex- 
crement, a  very  large  portion  i-s  as  it  were,  needlessly  absorbed,  and,  un- 
dergoing mctaniorj>hosi3  in  the  blood,  is  removed  by  the  kiducvf.  To 
this  portion  Iji^hniann  ajiplics  the  designation  introdueed  by  Sekmidt, 
loxtus  consumption,  or  eujX'rtiuouB  consumption.  Of  course,  the  simplest 
condition  inider  which  we  eaii  investigate  tlie  normal  (piantity  of  food 
required  is  that  of  an  invariable  weight,  and  the  difficulties  of  the  inquiij^- 
are  increased  wlien  growth,  corpidenee,  }>regnancy,  or  other  such  statea^ 
are  included. 

Though  we  arc  very  far  from  Ijcing  able  to  offer  a  complete  solution 
of  the  problem  of  the  imiount  of  food  req^uired,  in  its  most  general  sense, 
yet,  thrrnigh  the  labors  of  many  elieinists,  we  have  accumulated  several 
facts  which  liave  a  be^rstxg  on  this  (|uestion.  Thus  it  is  known  that  albu- 
minous substances  alone  can  nut  \ie  absorbed  in  quantity  enougli  to  coni- 
p^nsate  for  the  loss  of  carbon  by  res*pirati(jiL  A  duck,  atj  is  flliown  by 
Boussinganlt,  expires  in  one  hour  1*25  gramniert  of  carbon,  but  can  only 
tibsarb  of  carbon  inalbuiiiiuales  1. 01 'gramme.  So,  m  like  manner,  lat  alone 
is  inadequate,  for  of  this  substance  0.^4  gramme,  containing  about  0.7D 
gramme  of  wirbon,  can  ouh'  I*  taken  up  in  an  hour,  and  tiiis  is  not  much 
more  lh;m  halt' of  what  the  rc^spiratory  tqwration  demands.  The  earlw- 
hydrates,  however,  can  be:  absorlwd  ixi  sufficient  proportion,  and  in  thia 
mixed  manner  are  all  tliL-  requirements  satisfied.  Bousi^ingault  makes 
the  curious  remark  that,  in  the  quantity  of  starch,  5.2(J  jmrt.s,  and  the 
quantity  of  sugar,  5.62  parts,  wiiich  this  bird  can  absorb  in  one  hour, 
there  arc  nearly  the  same  quantities,  2.37,  of  carbon. 

Among  tbc  special  invptitigations  whioli  luwc  been  made  to  determine 
the  amount  of  food  used  and  the  amount  of  educta  from  the  j^^|,„n(  ^ 
system,  fihould  be  mentioned  that  of  Valrntin  uj<on  himself.  ri>od,  ^md 
His  weight  was  117  lbs.;  bis  diurnal  consutnjition  of  food, 
6-451  lbs.;  sobd  excrement,  .42  lb,;  urine,  4.6S6  lbs.;  and  2.751  lbs. 
perspiration.     From  the  more  recent  and  very  exact  experiments  of  Bar- 
ral,  it  is  inferred  that  of  100  grammcB  of  carixm  which  have  been  ab- 
sorbed into  the  organism,  91.59  escape  as  carbonic  acid  tlirough  the  lungs 
and  skin,  4.58  appear  in  the  urine,  and  3.8!^  are  re-excreted  and  appear 
in  the  faeces.      Upon  similar  principles,  Lehmann  computes,  from  the 
data  furnished  by  Barral,  that  for  every  100  parts  of  absorbed  nitrogen, 
49.6  parts  are  removed  through  the  skin  and  lungs,  42.07  are  found  in 
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the  tLTine^  and  S.33  are  re-excreted  into  the  fecGs.  As  a  general  result* 
it  ibilows,  from  these  expcrinicnt?^  that  an  adult  man  oxidizes,  on  an 
average,  2H9  grammes  of  carbon^  and  18.6  grammes  of  liydrogen  in 
twenty-four  hours. 


CH.\PTER  in. 

OF  DIGESTION. 

TlaatJ^-UJLKDia   OB   tUBTOOEKETIC   DIG^fBTION. 

.Vo/rwfl  of  TMffcxrkm. — T^e  MtMth,  Tftk,  StomaeL — The  S(ifir<iiy  fthnds. — Difftireni  Kindt  of 
.SiiUtii. — Pro/urties  ftf' mtj-rti  Salivti ;  iU  liiuintit^y  Chiiiftcisition,  nnd  Ftmcliooa. — jHelttlitm  of 
ihp  litfihar^  iihtn/is  find  Kidnejjx.^Tht  ^iiyfsiUv.  Tract. —  The  titomach, — iia^lFie  Jvicf, — 
Orffans/bf  iU  PrepimiSiim, — Maiwffr  o/'protluiinitf  Chyme. — Injiueiu'e  q/'  ihf  Nervfs. — Ariiji- 
t-ial Dvjrilian. — I'rfpiiratioti  and  I'rujiertipx  of  Prjisiu, — Jifffionff  trndftirtrlhinai  JMfi.tiin)ii  af 
tht^iomvuh  inA'itimds  'tiid  in  iViiii, — (Jbjtct  afSiamadi  I>igesltau. — Pejrio'ifa, —  Un^  of  ^k- 
— /JifftatiLilifji  ij/'fiirioua  Artii-ica  of  Pood. 

Befokk  the  food  can  be  absorbed  and  Cflrricd  to  all  partf^  of  the  sys- 
x»tnrB  nf  t^m  It  must  be  submitted  to  certain  preparatory  operations. 
.UyeRUon.  SJnce  it  ia  cither  to  be  dissolved  in  the  blood  or  transported  as 
chyle  through  the  lacteal  vessels,  it  is  absolutely  necessaiy  to  bring  it 
into  a  condition  of  solution  in  water,  or  at  least  into  a  state  of  minute 
auepension  in  that  liquid-  Received  in  masses  of  a  certain  size,  it  is 
first  cut  and  crushed  into  smaller  portions  by  the  teeth,  and  then  brought 
from  an  inBolublt;  into  a  soluble  or  suspended  state  by  the  chemical  ac- 
tion of  the  digestive  juices. 

In  the  mouth  the  food  is  submitted  to  a  twofold  preparation.  It  is 
Functifjiis  of  divided  by  the  mechanical  action  of  the  tcctb,  and  also  simul- 
themoniti.  tancously  mingled  with  liquids  secreted  from  the  salivary 
glands. 

The  animal  eerief)  present  us  with  numberless  contrivances  for  accom- 
plishing this  comminution.  The  teetli,  though  of  a  bony  nature,  are  not 
to  be  regarded  its  appertaining  to  the  fkelcton,  but  rather  to  the  digestive 
mechanisin.  Their  structure,  number,  and  position  differ  very  much  in 
different  tribes.  In  certain  Jishes  the  mouth  is  almost  lined  with  tliem. 
in  crabs  they  extend  to  the  stomach,  but  in  other  capes  they  are  restrict- 
ed to  the  pharynx,  or  are  wholly  ab&ent ;  this  Iwing  the  cage,  for  instance, 
among  the  ant-caters.  ThoHC  insects  whose  food  ia  of  a  fluid  nature  have 
InstTumpnij^uf  no  need  of  teeth ;  Imt  those  which  use  solid  material  arc  ao- 
1^  TMiouB  Mi-  ^iJii'^txl'itc*!  with  suitable  instniments  of  abrasion,  such  As 
mals.  borers,  chisels,  saw&,  nippers,  the  jmrticidar  mechanism  re- 
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sorted  to  being  adapted  to  the  nature  of  the  food.  It  is  to  be  understood 
that  these  mechanical  terms  arc  not  mere  metaphors,  they  indicate  the 
actual  nature  of  the  apparatus.  Tlie  object  aimed  at  is  to  obtain  the  food 
in  such  small  portiotis,  and  in  such  a  bruised  or  pulpy  condition,  that  di- 
gestion can  be  accomplished  promptly.     In  man  tlie  number  of  _ 

*  ,    ■  ^  .       ^    ;    .  ^,  ,    The  teeth 

temporary  teeth  is  twenty,  ten  m  eacli  jaw.      1  hey  arc  arratigeu 
in  three  classes— four  incisors,  two  canines,  and  four  molars  for  the  up- 
per and  under  jaw  respectively.     The  permanent  teeth,  whicli  are  eventu- 
ally substituted  for  these  temporary  ones,  arc  thirty-two  in  number,  class- 

itied  tor  each  jaw  as  four  incisors,  two  ca- 
nines, four  bicuspids,  and  six  molars. 
Their  ammgcmeut  is  exemplified  in  I^f'ff. 
i,  representing  the  lower  jaw,  in  whicii 
i  is  the  middle  and  lateral  inuisor,  c  the 
canine,  &  thc^  two  bicuspids,  and  m  the 
three  molars. 

The  movements  of  the  teeth,  aided  by 

those  of  the  tongtic,  accomplish  a  due 

abrasion  of  the  tbod,  and  aiinullaneausly 

incorporate  it  with  the  sabva.      lliis  is, 

therefore,  a  purely  mechanical  operation.      It  is  analogous  tt>  Mcchanii-nina 

the  metliods  to  which  themists  resort  in  their  lalKnatoriea  cureofwAsiic*- 

ivhen  they  prepare  solid  materials  for  exposure  to  reagents. 

The  mingling  of  food  with  saliva,  or  insalivation,  eHtcts  a  double  ob- 
ject. Coated  over  with  a  glairy  juice,  tlie  liruised  substance  paspe« 
along  the  traophagcal  tube  into  the  gtomoch ;  but  there  are  also  certain 
chemical  oli.'tnge.'i,  which,  commencing  in  the  mouth,  are  of  csaential  im- 
portanc-e  to  the  completion  of  dige&tion. 

Tlie  stomach  is  an  expant^ion  of  the  alimentary  canal  between  the 
asophagus  and  duodenum,  of  a  conical  figure,  the  base  of  u^gpription  of 
which  is  to  the  left.  It  commiinicatea  with  t|ie  cesopliagua  the  tinman 
by  its  cardiac  orifice,  and  by  its  pyloric  with  tlie  duodenum.  "  '^"'^'^ '' 
It  consists  of  three  coats  or  tunics  —  the  serous  or  peritoneal,  which  i*i 
exierior;  the  muacular,  which  is  intermediate  ;  and  the  mucous,  which  is 
interior.  They  are  connected  with  each  other  by  cclhilar  tissue.  The 
iibrea  of  the  muscular  coat  run  in  three  different  directions,  constituting 
three  layers;  the  superficial  ones  are  longitudinal,  radiating  tVont  the  u'aopli' 
agus  over  (he  surface  of  the  organ;  those  of  the  middle  layer  arc  circular, 
or  ring-like;  they  are  well  dcvelojied  about  the  middle  of  the  stomach, 
and  by  their  contractions  sometimes  make  it  assume  a  dividt^d  ap]>ear- 
ance,  as  though  composed  of  two  compjirtinenta.  Toward  the  pylorus 
they  are  also  greatly  re-enforced.  The  fibres  of  the  third  layer  take,  for 
the  most  part,  an  oblique  direction.     The  interior  or  mucous  coat  is  some- 
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?Vfi.  2. 


l4cctLon  of  Tbe  faoDun  iitomaieh  Jhnwlti^  Lts  Durnu:!.  inl^'rlar. 


times  termed  the  villous,  from  its  velvety  appearance.  Ita  color  is  veiy 
variable;  it  is  folded  into  nigce,  which  admit  of  variations  in  the  disten- 
tion of  the  stomach,  witbout  interference  with  the  atrueture  or  functions 
of  the  membranes  of  whieh  ihej^  ore  a  part.  Tiie  cardiac  orifico  is  pli- 
cated, and  the  opening  into  the  daodeaum  ia  through  a  circular  fold  with 
a  central  aperture — the  pyloric  valve,  which  being  surroimded  with  a 
band  of  muscular  fibrea,  acting  as  a  sphincter,  tLe  passage  firom  the  stom- 
ach to  the  intestine  may  be  entirely  obstructed. 

The  stomach  is  seen  in 
section  I^ig.  2,  a  being  the 
cesophagxisj  i^  the  greatei' 
extremity  ;  c,  the  smaller 
curvature;  d,  the  great 
curvature;  c,  the  pyloric 
or  leaa  end;  f,  h,  the  du- 
odenum ;  ij,  place  of  entry 
of  the  ductus  communis 
choledotlius  and  pancre- 
atic duct.  Tiie  place  of 
junction  of  the  oesophagus 
is  the  cardiac  region:  the 
membrane  is  there  plicated.  The  place  of  junction  of  the  duodenum  is 
the  pyloric  rej;^ion. 

Tlie  typical  form  of  the  digestive  apparatus  is  a  sac  with  one  aperture, 
Tj-p^fl  of  (he  which  serves  the  double  purpose  of  affording  an  entrance  to 
(itomach.  putyitive  material,  and  an  outlet  to  undigested  remauis.  In  a 
higher  condition  it  may  be  conceived  of  as  a  tube  open  at  both  ends,  and 
having  a  sac-like  swelling  on  its  middle  part.  The  portion  of  the  tube 
anterior  to  the  sac  is  tlie  ty|jc  of  the  a:sophagus»  its  aperture  answering 
to  the  raoutli,  the  sac-like  swelling  being  the  type  of  the  stomach,  and  tlie 
tube  leading  from  it  representing  the  intestinal  canal.  In  the  more  ele- 
mentary of  such  forras^  vessels  arise  from  the  walls  of  the  digestive  cav- 
ity, and  pass  to  all  other  parts  of  the  system.  These  scri-e  to  convey  tiie 
elaborated  niateriaL  Certain  appendages  are  soon  to  be  discovered  in 
connection  with  this  simple  digestive  mechanism.  They  are  for  the 
preparation  of  salivary,  gastric,  pancreatic,  or  ljiliar\^  juices.  In  size  or 
development  they  vary  with  the  habits  of  lil'e  of  the  animal,  or  with  the 
nature  of  its  food.  Indet^d,  tlie  same  remark  may  be  made  as  respects 
tiie  entire  digestive  tract  of  tlie  highest  tribes.  Thus,  in  the  bat  the 
length  of  the  intestine  is  to  that  of  the  body  as  three  to  one,  but  in  the 
sheep  as  twenty-eight  to  one.  The  ruminants  gener.dly  have  an  intes- 
tinal tube  of  great  length.  In  man  and  in  monkeys  the  proportion  is 
about  five  or  six  to  one.     Again,  as  regards  coustruction,  there  aic  many 
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diversities,  the  nuinlwr  of  digestive  dilatations  and  their  size  correspond- 
ing in  some  measure  to  the  nature  of  the  tbod. 

Throe  pjiirs  of  glands,  the  parotid,  BubmaxillarVt  and'  sublingual^  Be- 
Crete  sa]iva.  Of  thc.=io  organfl  the  parotid  is  the  largest;  its  pifftpentkimjs 
secretion  is  deliverwl  tlirougli  the  duct  of  Steno.  The  sub-  i*''"!'*'*- 
masilhiry  duct  is  Wliarton'a,  hut  the  fiubliiigual  pours  its  fluid  through 
many  ttinall  a|tertur(?s  near  the  frcnum  hngua-.  Besiclefl  these  jjrojier  saU- 
vas,  the  lining  memhrane  of  the  mouth  yields  a  £uid,  the  buccal  mucus. 

The  parotid  naliva  im  thin  and  watery,  linipid  and  colorlcsa,  inodorous 
and  tastolesa,  Secrctfid  during  tasting  or  under  the  use  of  Thoparoiidaa- 
Btiinulating  food,  it  ia  denser.  It  contains  80  large  a  quanti-  li^^*- 
ty  of  lime  that,  on  exposure  to  the  air,  it  becomes  covered  with  an  in- 
Crualatton  of  the  carbonate  of  that  substanec.  It  also  contains  siilpho- 
cyanidc  of  (K>ta?sium.  Its  organic  ingredient,  ii'not  albumbmte  of  aoda, 
cloaely  reseniblei<  that  body. 

From  the  cbemicil  constitution  of  the  floliva  of  the  parotids,  the  jihys- 
iologieal  function  of  thotie  glands,  as  aquijjarous  organs,  is  ei^tabli^hed. 
They  yield  a  certain  quantity  of  watery  juicc^  which,  by  reason  of  its 
thinness  or  fluidity,  is  readily  incorporated  with  the  food  by  the  teeth. 
Parotid  salivm  apjjrt^ars  to  liave  no  power  of  tranfltiniting  starch  into  sugar. 

The  flubuiasillary  salira  13  also  colorless  and  linjpid,  ttu^teless  and  in- 
odorous. It  contains  no  nior|>]iological  elements.  It  is  The  mi^miisa. 
lighter  than  the  parotid,  Jess  alkaline,  and  contains  leas  lime,  la'y  sttlivn. 
For  this  reason,  when  exposed  to  the  air,  it  does  not  become  incrusted 
with  carbonate  of  tliat  earlli.  It  contains  sulphocyanidc  of  potassium. 
It  is  so  viscid  niid  glutinous  that  it  inav  be  drawn  into  threads.  From 
tJiis  phy.^ical  property  it  probably  facilitates  dcghitition  by  funiishing  a 
kind  of  anti-friction  coating. 

The  sublingual  saliva  is  thin  and  watery,  containingt  like  the  parotid, 
hut  a  small  percentage  of  eolid  matter,  and  probably  dis-  The  suUinffuil 
charging  a  similar  function.  ealiva, 

Bci^iiles  the  sjiecial  aalivary  juices,  the  lining  membrane  of  the  mouth 
pours  forth  a  liquid — the  buccal  mucus — a  tliick  and  tcna-  Thobuecfllmu- 
cioiis  substance^  having  many  epithelial  cells.  It  is  alkaline  ^''«- 
in  its  reaction,  does  not  coagulate  on  heating,  its  insoluble  salts  contain- 
ing no  carbonate  of  lime.  It  has  been  obtained  for  examination  by  tjnng 
the  ducts  of  Steno  and  Wharton,  keeping  the  noiitrils  open  and  tbe  head 
inclined,  bo  that,  the  animal  being  unable  to  swallow,  the  nmcus  flows  out 
of  the  mouth. 

The  buccal  mucus,  if  mixed  with  parotid  saliva,  does  not  ftppear  to 
possess  the  (wwcr  of  turning  starch  into  sugar,  but,  if  mixed  with  the 
flubmaxillary  secretion,  it  accomplishes  that  transmutation  with  facility. 

The  saliva,  aa  obtauied  from  the  mouth,  is  therefore  a  mixture  of  the 
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aecretirms  of  flie  rarioua  salivary  glands.     It  may  be  doubted  whether 

rropertjef  at  *^he  method  of  oblainiiig  it  Homctinica  rccommende*!,  by  mafc- 
mExEd  Mlivas.  jjig  preasuje  under  the  chin  and  tickling  the  fauces  with  a 
feather,  yields  it  of  normal  constitution.  It  is  described  as  «n  alkaline 
juice,  of  a  bluish  color  or  colorless,  in  consistency  glairy,  readily  froth- 
ing* and  therefore  well  adapted  for  entrapping  Atmospheric  air.  It  eon- 
taina,  of  solid  matter,  from  0.348  to  0.841  per  cent.  Its  alkali  apjioars, 
tor  the  nio&t  part^  to  be  combined  with  an  organic  substance,  pty£dinc> 
from  which  it  may  be  aepajated  by  the  weakest  acids^  such  as  carbonic. 
In  the  ash  of  saliva  the  alkali  occnra  chiefly  as  phospliate  :  this  .irisefl  from 
rearrangement  of  the  conj-tituents  during  incineration.  The  saliva  con- 
tains but  a  trace  of  alkaline  sulphates,  the  chlorides  of  sodium  and  potaa- 
sinm  preponderating  over  all  the  othor  mineral  ingrcdienta. 

On  standing,  saliva  acparatca  into  two  layers:  a  transparent  one,  which 
is  supernatant,  and  a  grayish  turbid  one  below,  \vhifh  con&ists  of  a  de- 
posit of  parlidcs  of  pavement  cjiithchum  and  niucufi  corpuscles,  derived 
Irom  the  Hniitg  membrane  of  the  mouth  and  the  salivary  ducts.  Its 
chemical  reaction  varies  to  sonie  exteut  with  the  etate  of  the  system ;  thus, 
after  long-continued  tasting;,  from  being  alkaline,  it  may  ajiproach  the  neu- 
tral state.  By  some  it  is  ae^ertod  tlutt  nndcr  thofic  conditions  it  may 
even  liccomc  acid.  There  in  no  proof  that  this  is  owing  to  the  a]tpear- 
ance  of  lactic  acid :  it  may  lie  due  to  butyric  acid,  or  even  the  acid  phos- 
phate of  soda.  In  morbid  conditions  this  reaction  is  by  no  means  irifrC' 
<|uent :  it  has  I)een  commonly  observed  in  iixtesCinal  inHannnalion,  acute 
rheumatism,  intermittent  fever.  Donne  and  Frcnchs  assert  tliat  acidity 
of  the  saliva  doiKTuls  on  an  irritation  of  the  buccal  mucous  membrane. 

Tlie  specific  j^avitv  of  Tiiixrd  saliva  varies  from  1.004  to  1.009.  These 
variations  deitend  on  many  ditferent  causes,  there  being  a  diminution  after 
the  taking  of  drink,  and  a  greater  increase  .•iftcr  taking  food,  than  c^-en  is 
observed  in  the  fasting  state.     An  animal  diet  especially  inercaacs  it. 

Under  onUnaiy  circumptances,  the  saliva  is  secreted  to  an  amount  of 
QimntUy  of  from  15  to  20  ounces  daily.  The  exudation  is  more  copious 
Mliva.  during  maptication,  sjK'aking,  rending,  more  being  jirtxluced  by 

the  Bse  of  hard  than  soft  food.  Mental  emotions  exert  a  control  over  its 
flow,  sometimes  diminishing  it,  as  in  moments  of  anxiety,  sonietinies  in- 
crejising  it,  as  by  the  anticipation  of  footL  After  eating,  the  flow  contin- 
ues to  a  considerable  extent ;  it  is  also  provoked  by  the  use  of  aromatlcs* 
On  irritation  of  the  interior  of  the  stomach  through  a  gastric  fistula,  the 
flow  is  simultaneous  with  that  of  the  gastric  juice. 

The  movements  of  the  jaw  and  the  pressure  of  the  food  give  rise  to  va- 
riations in  ibo  quantity  of  aaiiva.  It  is  perhaps  for  these  renwns  that  the 
[Mirotid  gland  on  that  side  of  the  mouth  which  is  most  used  in  mastication 
secretes  more  than  the  other.     Of  the  proportion  of  the  different  kinds  of 
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saliva  in  the  mixed  secretion,  nothing  is  knoi^Ti  with  certaintj'  in  the  case 
of  man,  Lilt  it  is  said  tliat  in  horses  the  parotid.-*  fumislL  two  third^i.  the 
aubtnaxillarien  one  twentieth,  and  the  subHng:ual>4  ami  mucous  folliclea 
the  rc.'st.     The  secretion  of  the  saliva  goes  on  during  sleep. 

To  tlie  active  oi^anic  pub^taiice  of  the  saHva  llie  designation  of  ptja- 
linc  has  l>een  given.      It  is  regarded  as  a  fcniieiit,  possejising  in 
geverai  respects  the  proiwrticfj  of  diastase,  and  hence  haa  been 
called  by  Miallic  diastase  salivaire. 

For  the  purpose  of  analyfiis,  saliva  should  ^>e  ohtftinpfl  in  a  iTerfecth" 
fresh  state,  a  condition  not  easily  fulH!le<l,  for  it  deeotiHHit»t'3  or  changes 
with  rapiditv. 

During  tljcse  cliangen,  alkaline  i-arlxnnatefl,  for  example,  are  fonned  in 
abundance,  though  they  may  have  existed  Init  to  a  small  extent  at  first. 
We  have  already  seen  that  in  thia  way  jmrotid  saliva,  ex-  Conntituiionof 
posed  to  the  air,  )-ieldi*  crvstalH  of  earlKiniite  of  lime.  The  "''^'ft- 
tbliawing  table  iw  pre-Hcnted  as  oilmng  an  exanipiu  of  the  average  consti- 
tution of  mixed  saliva. 

Conitititllon  rt/"  1^  SaUm  (Frrrirlif). 

WbIm 994. in 

Kpitlji-Lium  and  mucus 2.  in  ' 

flit .07 

Ftyaline  and  ulcihol  cxiniet 1.41 

Wiiiphnc-ynTiide  of  pota^Riini,... 10 

Fixeil  Kflllc 2.11) 

iOW.OO 

Of  the  fixed  Baltf"  tlie  ehief  are,  the  phopphates  of  soda,  lime,  and  mag- 
nesia, and  tlie  elbloridcs  of  podium  and  potassium.  The  snlphocvanide 
ot'potaafiiuin  Varies  in  amount  cnn.'^iderably :  it  ii»creaFK!a  after  meals,  and 
specially  after  the  ni*c  of  condiments,  salt,  pepjier,  spices.  'J'hose  arti- 
clea  which  contain  anlpimr,  as  mustard,  garlic,  radialies,  increase  its  amount 
in  a  very  marked  mariner. 

Not  only  does  the  saliva,  as  derived  fromi  the  dift'erent  glands,  present 
diiferences  of  eon.'^titution ;  it  likewise  ditler.'i  in  various  ani-  Moditiraiions 
mals,  and  in  llic  same  aiunial  aecarding  to  its  age.  This  is  °^  sftl'v^i. 
observed  even  in  the  case  of  ninn.  Tlu'  saliva  of  an  iiifant  at  the  breast 
possesses  very  little  i>ower  of  sacchnrizing  fitarch,  a  transmutation  whicli 
that  of  the  atlult  accompiishea  witSi  energy. 

The  action  of  this  .■secretion  apjwars  to  Ik:  limited  to  starch,  and  certain 
kinds  of  sugar,  which  first  yield  lactic  and  tlien  butyric  acid.  It  does  not 
exert  any  influence  in  transfonning  albuminous  matter. 

The  eaJiva  discharges  many  functions.     It  is  a  neeespary  intermedium 
in  the  sense  of  taste,  lor  su!>stances  to  bo  eapid  must  bo  more  Fimctioniof 
ot  less  poluble  in  this  juice.     If  ineoluble,  they  arc  taatele.'ia.  »aHT'''»- 
It  also  mowtens  the  interior  of  the  mouth,  arid  preventa  tlie  aensation  of 
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dryneea.  But  its  chief  duty  seema  to  be  that  of  promoting  the  digestiTe 
pperatiofi;  tor,  though  the  food  remains  in  the  mouth  but  a  short  time, 
the  action  of  the  ftaUva  is  prolonged  after  the  masticated  mass  has  been 
dcjjosited  in  the  stomach.  Though  tlie  direct  admixture  of  saliva  with 
gastric  juice  injures  the  power  of  the  latter,  thia  effect  does  not  ensue  in 
the  stomach,  since  they  act  for  the  most  part  eeparntely.  The  itction  of 
the  gastric  juice  is  superficial,  and  two  tUstinct  operations  are  therefore 
conducted  at  the  same  moment,  the  surliice  of  the  food  changing  under 
Aeilon  of  the  the  intluencc  of  the  gastric  juices  and  the  inner  portion  under 
sfliivtt  is  coLi.  jjj^j  of  the  saliva.  I  believe  that  in  this  manner  the  salivary 
sroniach.  juico  Icodla  itself  to  stomach  digestion,  far  it  is  well  known 
that  by  its  ai<l  starch  changes  into  grape  eugar,  and  the  transmutation 
does  not  stop  at  that  point,  but  goes  ou  to  the  production  of  lactic  acid. 
An  acid  juice  is  cs?iential  to  stomach  digestiom 

After  the  administration  of  balls  of  starcli  to  animals  in  which  gastric 
Pm.iiTfii*iiiof  fistuljp  have  been  established,  sugar  may  be  detected  in  the 
su^jir  from        stomach  in  the  course  of  ten  or  fifteen  minutes.     It  does 

dtari'h  in  \his  ,^     ,    j.\  ■  i      •         i  i 

ftomuictii.vthe  ^^^  appear  that  tliere  is  any  relation  between  the  quantity 
eaiiva.  ^yf  saliva  Incorporated  by  mastication  and  the  quantity  of 

starch  in  the  food.  Animals  wliich  awailow  their  food  without  mastica- 
tion have  either  no  parotids,  or  those  organs  exist  in  only  a  radiraentarj* 
Estate;  commonly,  Iiowcvcr,  their  submaxillary  glands  are  large.  Un- 
der llie  most  favorable,  circumstances,  the  digestion  of  starchy  food  is 
scarcely  ever  complete,  a  considerable  portion  being  found  in  the  excre- 
ment. The  true  function  of  the  saliva  has  been  well  illustrated  by  in- 
serting amylaceous  food  into  tlie  stomach  of  dogs  with  gastric  fistul^j 
after  tying  the  salivary  ducts,  in  which  case  no  sugar  can  be  detected. 

It  has  been  suggested  that  the  eventual  arrest  of  the  action  of  saliva 
on  reaching  the  stomach  may  be  due  to  the  digestion  of  its  ptyaline  by 
the  gastric  juice.  In  artificial  experiments,  however,  such  a  digestion 
or  destruction  can  not  be  accomplished. 

The  double  digestion,  partly  aahvary  and  partly  gastric,  occurring  in 
the  stomach.  Is  doubtless  one  of  the  causes  of  tliose  difterences  which 
jiave  been  noticed  between  the  natural  action  of'  that  organ  and  the  arti- 
ficial imitations  of  it.  The  influence  of  the  saliva,  even  under  these, 
winch  may  seem  at  first  sight  to  be  unfavorable  circumstances,  is  far 
from  being  trivial,  an  effect  which  is  we!!  iliustrated  by  the  instantane- 
ous manner  in  which  a  solution  of  starch  in  water,  mixed  with  an  equal 
quantity  of  saliva  and  agitated,  is  transmuted  into  a  soJution  of  sugar. 
In  a  few  moments  its  viscidity  is  lost,  it  fails  to  give  t\m  blue  reaction 
with  iodine,  becomes  awcct  to  the  taatc,  and  readily  answers  to  Trom- 
mer's  test. 

Besides  the  duties  which  have  been  mentioned,  the  sativa  incidentally 
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accomplislies  a  secondary  object  by  its  power  of  retaining  gases  in  ita 
froth  or  tbam,  Atmosplierie  osygcn  by  tiiia  means  is  incijir'  Saij,-^  t-arries 
porated.  with  t]ie  food  during  mast icjtt ion,  and  is  tiius  enabled  air  imo  iha 
to  exert  an  imixjrtant  inifluenec  in  promoting  the  action  of  ■^"""'  ■ 
the  gastric  juice.  For  fo  the  inception  of  the  change  whicli  tiiat  juice 
impresses  on  the  food,  oxypren  ia  necessary.  It  is  brought  into  the  cav- 
ity of  the  stomach  entangled  or  disAolvefl  in  the  saliva. 

It  has  just  been  mcntionctl  that  the  action  of  saliva  on  starcli  ia  not  re- 
stricted to  the  production  of  sugar,  but  timt  it  may  end  in  tlie  Ln*-ti.-  acid 
tbrmafion  of  lactic  acid.  K,  therefore,  any  thing  intervenes  to  rilJiicie'^J hy- 
check  the  supply  of  hydrochloric  acid,  wlueh  usually  gives  drochioric. 
acidity  to  the  gastric  juice,  tlie  systpm  poascsses  v/itliin  itself  tlie  means 
of  compc-usating  for  the  difficulty.  In  the  interior  of  the  digesting  mass 
lactic  acid  is  being  set  free.  This  acid,  as  has  long  been  known,  can  re- 
place hydrochloric  acid  in  its  physiological  duty. 

Though  so  large  a  quantity'  of  saliva  as  id  ounces  may  be  secreted  in 
a  day,  this  being  alwul  one  lm!f  of  the  urinary  discharge,  it  is  to  be  re- 
memltered  that  the  water  ia  not  lost  to  the  system,  aa  in  the  latter  case. 
When  the  impure  habit  of  profuse  spitting  is  indulged  in,  it  jii„,m(j„„  ^f. 
is  interesting  to  remark  the  reflected  effect  which  takes  place  re<^t  af  protuK 
in  the  reduced  quantity  of  tiie  urine,  and  an  iristinctive  desire  "'''^''  "™  '°"' 
for  water,  a  kind  of  perpetual  thirst.  It  ia  probable  that,  under  tbcsc  dis- 
gusting circumstances,  the  percentage  amount  of  saline  substances  in  the 
Balira  is  bicreafjed,  and  tliat,  so  far  as  that  cla.'iH  of  bodic.'^  i.s  concerned, 
the  salivary  glands  act  vicariously  for  the  kidneys,  and  the  mouth  is  thus 
partially  converted  into  a  tirinary  aqueduct. 

The  relation  between  the  salivary  glands  and  the  kidnpya  is  verj'  well 
shown  alter  the  admiiiistmtiou  of  such  subatancea  as  the  Keiaiion  ofthe 
iodide  of  potassium.  If  five  grains  of  this  salt  be  taken  in  ^n^^lie  kid" 
pills,  and  the  mouth  be  then  thoroughly  washed,  In  the  course  nny*- 
of  a  f[uartET  of  an  hour  the  saliva  will  readily  strike  a  blue  tint  when 
tested  with  nitric  acid  and  starch,  Imt  the  urine  will  not  show  that  reac- 
tion  until  after  a  considerable  inter^-al,  perhaps  even  an  liour  or  more.  It 
would  therefore  appear  that  such  a  salt  must  pass  again  and  again  through 
tiie  salivary  glands  before  it  is  finally  disposed  of  by  the  kidneys,  which 
ofter  the  only  outlet  for  its  total  removal. 

Among  tlie  functions  of  (be  saliva  we  ought  not  to  overlook  the  influ- 
ence which  its  rapid  secretion  mus(  exert  on  the  state  of  tension  of  the 
blood-vessels,  an  influence  which  probably  favors  the  absorption  going  on 
in  the  stomach  and  intestines. 

Thus  preparerl  by  mastication  and  inaalivntion,  the  food  descends  into 
the  stomach,  passing  along  the  pharynx,  which  dilates  to  receive  it.  The 
rima  glottidis  spontaneously  closes,  and  additional  security  is  given  to  the 
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respirafoiy  passage  by  the  valve-like  shutting  of  tlie  epiglottis.  Tlu-ougji 
the  cesophagutJ  the  niorael  ad\*anee3  hy  the  contraction  of  the  muscular 
coat,  with  a  wave-Hke  or  undulating  motion  onward.  The  food  is  now  de- 
livered at  tlic  cardiac  oritice  of  tiic  stoniaclit  and,  eiilmng  that  organ,  ia  Bub- 
mitted  to  the  gastric  juice,  whicli  is  exuding  troni  the  mucous  membrane. 
The  digestive  tract  mav  Itc  considered  as  prescntuig  five  [iromincnt  re- 
111 1191  ration  of  S^*'^^^ — ^^*^  Hiouth,  tlic  phaTjTix,  thc  ojsophagQS,  the  stomach, 
th<!  liiyeBiive  tho  amflll  mtcstinc,  the  large  intestine.  Their  relative  posi- 
*"'^^'  tion  and  subdivisions  are  illustrated  in  Figure  3. — 1,  thc 

tongue  ;  2,  2,  thc  plian-nx  ;  3,  3,  tlie 
ccHophagus ;  4,  the  vehim  jx-nduliiin 
palati;  jj,  section  of  the  larvnx;  G,  thc 
palate ;  7,  thc  epiglotti.-^ ;  W*  thc  thy- 
roid cartilage ;  U,  the  medulla  spina- 
lis;  10,  10,  bodies  of  vcrtcbne ;  11, 
12,  spinous  processes  of  ditto;  13, 
cardiac  oriticc  of  stomach  ;  1-1,  splenic 
extremity;  15,  pvlnric  extremity  ;  16, 
IG,  greater  curvature;  17,  the  less 
cui'vatiirc ;  IH,  pylorus;  19,  superior 
transverse  portion  of  duodenum ;  20, 
middle  or  pcriWTidicnlar  poitioii  ;  21, 
interior  transverse  portion;  22,  gall- 
bladder ;  23,  cystic  duet ;  24,  hepatii.- 
duct;  25,  ductus  communis  cholcda- 
chu3 ;  2(1,  its  apfrtnre  in  the  duodt- 
nun] ;  27,  duct  of  thc  pancreas,  cmptj- 
inp;  into  the  dnodcrmm  nrar  to  the  place 
of  vntry  ol'  tJic  ductus  conmuuiis  cliolc- 
doelius  ;  28,  commencement  of  jejii- 
nnm  ;  2d,  2U,  29.  jVjiiiuim  ;  30,  30,  30, 
ileum;  31,  ileiun  opening  ijito  great 
intestine  ;  32,  ileo-colic  valve  ;  33,  jl- 
co-ca-cal  va^o ;  34^  ctecum ;  35,  ap- 
pendix vcntiiformia ;  36,  30,  tlic  as- 
cending colon ;  37,  transver-^c  arch  ot 
colon  ;  38,  descending  colon  ;  .39,  sig- 
moid Hexure  ;  40,  rectum  ;  41,  aims. 
From  thc  intci-ior  or  mucous  coat  ol 
the  stomach  the  gastric  juice  exudes, 
Tlds  fluid  may  he  Lest  ohtahied  for  ex- 
amination by  gastric  jistulie  artificially 
Tut^^mnn  .igc-tvc  <™.,.  c^^taUished  hi  animals.    As  respects  the 
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aspect  of  the  interior  of  the  etomach,  Dr.BeaunioTit,w]io  had  an  opportuni- 
ty of  examining  it  in  the  case  of  Alexis  St  Martin,  describes  Aspect  of  inte- 
it  &s  of  a  light  pink  color,  its  velvety  surface  being  coated  norofatomacli. 
over  with  niucws.  On  the  introduction  of  food  or  any  irritant,  lucid 
points  protrude  from  the  mucous  coat ;  these  are  the  mouths  of  the  folli- 
cles from  which  the  juice  exudes.  When  in  actirtty,  the  tein|)eratur<' 
of  tiie  interior  of  the  organ  is  about  100°  Fahr. 

The  gastric  juice  is  a  viscid  fluid,  with  an  acid  reaction  and  faint  odor. 
Atl:er  tiltmtiou  through  paper  it  is  clear  and  transparent,  nnd  xine  gastrii' 
possesses  all  its  physiological  qualities*  The  impurities  thus  j"''^"'- 
aeparated  from  it  arc  merely  old  undigeatetl  residues,  on  which^  in  no  re- 
spect, its  qualities  depend.  It  does  not  become  turbid  at  212^,  remains 
long  undcconip03ed,  and  retaina  its  digestive  power  even  after  it  has  be- 
come monldy.  It  does  not  accumulate  in  the  stomach  while  fasting,  bul 
require*  a  stimulus  for  itsi  cjection.f  and  even  then  is  produced  Iti  a  limit- 
ed quantity  only.  It  is  secreted  by  the  follicles  of  the  raucous  membrane 
of  the  stomach,  whicli  foliiclea  may  be  described  aa  cupshnpeJ  cavities. 
about  the  two  Inmdrrdtb  of  an  inch  in  diameter,  from  the  bottom  of  which 
project  two  or  more  parallel  tubcs^i,  the?  mouth  of  the  cup  open-  itisaecrejedbv 
ing  into  the  stomach,  and  tlic  tubes  ending  in  a  closed  term-  follicle. 
ination  in  the  tissue  Iwnenth.  Toward  the  pylorus  the  cu])s  b*^come  deep- 
CT,  so  as  to  aa3ume  the  form  of  a  cvlindcr,  and  the  projecting  tubes  arc 
shorter.  Betrv-een  these  follicles  blood-vessels  pass?.  They  are  ramitica- 
tioua  from  the  cadiac  axis,  and  discharge  a  double  function.  As  the  ar- 
terial branches  invest  the  roots  of  the  tubes,  they  furnish  nutrition  for  the 
cells  which  are  produceti  in  crowds  at  that  part  of  the  arrangement ;  but 
when  titey  liave  gained  the  interior  of  the  mucous  membrane,  and  are  in 
the  ridges  between  the  follicles,  Itavlng  assmned  the  character  of  veins, 
Ihey  act  as  abaorlwnts,  conducting  the  material  which  is  sufficiently  di- 
gested into  the  portal  circulation.  Agreeably  to  this,  these  vessels  liavc 
a  larger  diameter  tlian  eapiUaries  generally.  It  Bcemsi,  therefore,  that  the 
tVuiction  of  the  tube  is  the  production  of  ceRs,  which,  originating  from 
gemts  at  the  bottom  and  sides  of  each  tiibe,  become  perfected  as  they  pass 
forward,  and  soon  after  their  extension  bm-st  or  deliquesce,  and  as  the 
material  they  discharge  does  not  possess  the  acid  reaction^  it  is  probably 
the  pepsin  element  of  the  gastric  juice. 

C^mstilution  of  the  Gastrir.  •Juktvf^  Dog- 
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The  preceding  table,  from  Hubbenct,  ahowa  that  ncarlj  two  thirds  of 
fro  i'  t  ^^^^  fiolid  material  of  the  gastric  juice  ia  pepain.  Exposure 
ihe  gastric  to  a  very  low  temperature  does  not  deteriorate  the  properties 
jmce,  ^£  ^j^-g  aubatance,  for  it  will  resume  ita  acli\-ity  even  after  be- 

ing frozen.  But^  on  the  coiitrar}',  a  temperature  approaching  ebullition 
destroys  its  solvent  power,  and  the  name  effect  engues  when  it  is  neutral- 
ised by  an  alkali. 

TJie  gastric  juice  acta  on  iron  or  zinc  with  evolution  of  hydrogen,  an 
effect  which  the  acid  phosphate  of  lime  can.  not  produce.  This  seems 
to  be  decisive  against  the  views  of  those  physiologiata  who  have  imputed 
ita  reaction  to  the  latter  subatance. 

The  digestive  power  of  this  juice  is  impeded  by  the  presence  of  almost 
any  alkaline  salt.  To  this  remark  common  salt  offera  no  exception.  It 
ia  owing  to  its  alkalinity  that  saliva  injurea  the  digesting  power  of  gas- 
tric juice.  On  the  oontrary^  that  power  is  very  much  increased  by  the 
presence  of  fat,  which  promotes  the  converaion 
of  protein  bodies  into  peptones. 

The  mucous  membrane  of  the  stomach  pre- 
sents a  reticulated  appeamnce,  aa  shown  in  Pig. 
^iLonjach.  Colli-  4.     At  the  bottom  of  cach  compart- 

and  funeiion*.    follicles,  the  Size  and  depth  of  wliich 
increase  toward  the  pylorus.     Their  exterior  i& 
partly  covered  with  columnar  epithelium,  which  e^xtends  over  the  inter- 
Fiff.^  vening  ridges;  the  residue  is  glandular,  and  continu- 

ally givoB  origin  to  granules.  The  upper  part  of 
each  follicle,  as  well  as  the  entire  surface  of  the  mu- 
cous membrane,  is  usually  covered  with  mucus. 
In  J^iff.  5  is  a  representation,  given  by  Todd  and 
\jg  Bowman,  of  stonmch  folliclea  and  their  tubes  in  :t 
vertical  section.  The  specimen  is  from  the  dog  aftcv 
twelve  honrs  tasting.  A  represents  these  atmctureK 
in  the  middle  region  of  the  stomach  ;  B  in  the  pylor- 
ic region ;  a  ft,  orificea  of  the  folliclea  on  the  inner 
surface  of  the  stomach ;  b  b,  different  depths  at  which 
the  columnar  epithelium  is  exchanged  for  glandular: 
df  pyloric  tubes  terminating  variously,  and  lined  to 
their  extremitiea  with  columnar  epithelium. 

J^iff.  6,  A,  horizontal  section  of  a  stomach  folli- 
cle a  little  way  within  its  orifice  j  a,  basement  mem- 
brane ;  fi,  columnar  epithelium.  All  but  the  centre 
of  the  cavity  of  the  cell  ia  occupied  by  a  transparent  mucus,  which  seems 
to  Iiave  oozed  from  the  open  extremities  of  the  epithelial  particles;  t: 


MueouH  ll■r'Iu^^lrll■  vt  lb"  stomkch 
IQBgii'ifl'i.-d  '0  AiatUfteTM. 


r»Ilklt'>   Btl^L   tUlKI   luKgnt- 
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Fiff.t 


Horiinntai;  Mcticn  ^f  n«IQ4Qh  fol- 
lldM  404  label  autsaJBed  SM>  dl- 


HbrouB  matrix  sirrromidiiig  and  supporting  the  basement  membrane ;  d. 

small  blood-vessels. 

B,  horizontal  section  of  a  set  of  stomach  twbe^ 
proceeding  from  a  single  cell.  The  letters  refer 
to  corresponding  parts..  The  epitheiium  is  glan- 
dular, the  nuclei  very  delicate,  and  the  cavity  ol' 
the  tube3  very  small,  and  in  some  cases  not  visi- 
ble. (From  the  dog,  by  Todd  and  Bowman,  after 
twelve  hours'  fasting.) 

It  thus  appears  that  there  are  at  least  two  dis- 
tinct classes  of  stomach  follicles^  differ-  varicdesoi 
ing  from  each  other  in  anatomical  con-  BiomacUfci. 
atruction,  and,  as  there  is  now  reason  to  "  "" 
believe,  also  in  physiological  function,  those  which 
are  near  the  pylorua  yielding  a  secretion  which, 
taken  by  itself,  exerts  only  a  tardy  action  in  pro- 
ducing the  solution  of  protein  bodies,  hut  tho&c 
from  the  middle  and  other  portions  of  the  orgaji 
accomplishing  that  solntion  promptly*  It  is  sus- 
pected that  the  acid  of  the  gaatric  juice  is  yielded 
by  one  class  of  these  structurea,  and  tht- 
pepsin  by  the  other. 

A  general  idea  of  the  stnicture  of  these 
secreting  follicles  may  perliaps  be  obtained 
by  likening  each  of  them  to  a  little  glove, 
the  hand  of  which  opens  into  the  .^loinaclj. 
and  the  fingers  project  upon  the  Bubmucoui- 
tissue  Ijcneath.  From  tlifi.  sides  and  tip  of 
each  finger,  cells  may  be  supjiosed  to  aris** 
continually^  and,  aa  they  are  crowded  for- 
ward, they  unde"reo  development,  leaving 
the  hand  in  a  perfect  condition,  and  deli- 
qneRcing  as  they  pass  into  the  stomach. 

Thoiigh  we  have  spoken  of  these  folli- 
cles as  excavations  or  cu]>-like  dcprcsaiont< 
in  the  mucous  tissue,  according  to  the  de- 
scription usually  given  of  thcra  ^^.^^^.^  ^^^ 
^L  I  \\  I  I  Mf  i  ^y  anatomists,  it  is  to  he  under-  jtruLtion  at 
^^P  3  l}\j/\  V  stood  tliat  this  view  of  their  con- 
W  f  ^^c^\    ■]  f     V     1    ^    stniction    is   philosophically  incorrect,  for 

I  J  'V^f  ^h  '13^  i  r^l    ^^^'  instead  oi  being  a  mere  excavation,  is, 

L         ^^^^^ysj  vi-CryT/  f/     truly  a  distinct  <  rganism, analogous  in  stnn  - 
^^b  Ttui  hfdn.  ture  and  many  of  its  functions  to  a  polyp-. 
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Tlie  hydra,  a  iresli-water  polype,  may  be  taken  aa  the  type  of  this  organ- 
ism. This  anijiml,  Fi<j,  7,  consists  of  a  bag  or  digestive  sac,  a  a,  end- 
ing in  a  cylinder,  i,  the  opening  to  which  ia  furnished  with  numeraua 
tentacles,  c  c  c  ;  the  tentacles  enfold  in  their  grasp  objects  on  which  the 
hytlra  ftwds,  ami  by  their  contractions  carry  tJicm  to  the  sac.  Into  the 
interior  of  the  aac  a  juice 'ciudes  possessing  digestive  powers,  and  soon 
disBolving  food. 

We  maj  therefore  regard  the  follicular  stntcture  of  the  stomach  as  a 
colony  of  polypes,  the  tentacles  of  which  are  converged  into  a  muscular 
tube,  constituting  tlic  ocsopliagtis.  In  a  stomach  of  ordinary  size  there 
are  proljably  a  million  of  these  organisms.  Digeation  is  undoubtedly 
conducted  on  the  same  physical  principles  in  both  casea^  though  in  the 
polype  the  food  matter  enters  the  follicular  cair'ity  of  which  the  body  of 
the  animal  consi^ft.s,  but  iu  man  is  contained  in  the  s^toniaeh,  mto  which 
the  follicles  open,  and  jwur  fortli  their  digestive  fluid. 

With  respect  to  the  acid  eonstitueiit  of  the  gastric  juice,  it  apjicars  to 
be  hydrocldoric  or  lactic.  The  latter  has  probably  originated  in  the  man- 
ner just  depcribed  by  the  action  of  the  saliva  on  amylaceous  bodies ;  the 
former  undoubtedly  cornea  from  the  common  salt  ingested.  Perhaps,  un- 
der a  deficiency  of  common  salt,  lactic  acid  diacliarges  the  entire  duty. 
Schmidt  regards  the  digestive  principle  as  a  conjugated  acid,  the  nega- 
tive constituent  being  hydrochloric  acid,  and  pepsin  being  the  adjunct, 
the  compound  being  analogous  to  ligno-sulphurie  acid.  About  twenty 
Quontitvor  part.'i  of  gastric  juice  arc  required  to  digest  one  part  of  dry  al- 
^'■Bincjiiice.  lumnin,  and  alrout  70  ounces  are  accreted  in  a  day.  If  the 
hourly  destruction  of  fibrin  in  average  nniscular  action  is  62  grains,  aljoiit 
00  oimces  of  gastric  juice  would  be  re'iuired  each  day  for  muscular  repair. 
A  very  large  demand  ia  therefore  made  upon  the  water  in  the  system  for 
this  use.  But  here  the  same  remark  is  to  be  made  as  in  the  case  of  the 
saliva;  the  water,  after  accomplishing  its  object,  ia  not  lost  to  the  econ- 
omy, but  is  immetliately  rcabaorbcd. 

It  was  remarked,  in  speaking  of  the  salivary  glands,  that  their  secre- 
.  .         tion  paasea  repeatedly  through  them,  the  saliva,  aa  it  exudes, 

Mgctifesira-  being  swallowed,  reabsorbed,  and  so  secreted  over  and  ov^er 
("tmiH'h  iim  sgahi.  In  these  repeated  passagcSt  tnany  salt  subatancca, 
F-tomuth  foiii-  Buch  as  the  iodide  and  bromide  of  potassium,  will  accompany 
it,  the  kidneya,  however,  evcnttiaUy  removing  such  extraneous 
bodies.  In  like  manner,  heterogeneoua  matters  will  make  a  repeated  cir- 
culation through  t)ie  gastric  follicles  before  a  final  removal  by  the  kid- 
neys. Wlien  the  latter  organs  have  been  extirjiatcd,  the  constituents  of 
their  secretion,  such  aa  urea,  may  appear  in  the  stomach. 

On  the  deposit  of  the  fo^d  in  the  stomach,  a  niovenieiLt  of  translation 
is  given  (o  it  by  the  alternate  contraction  and  relaxation  of  the  iibres  of 
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the  muscular  coat,  aided  to  a  considerable  extent  by  tlie  respiratory 
movements  of  the  abdominal  walla.  The  course  of  ttia  ro-  jjotjmj„  f,tt^t 
tation  commonly  is,  tliat  aft^r  paesing  the  cardiac  oritice  the  foori  in  ibie 
food  moves  from  riglil  to  left  round  the  great  extremity,  atid 
then  along  the  large  curvature  from  left  to  rights  returning  along  the  small 
enrvature,  and  occupying;  from  one  to  three  minutea  to  perform  thta  revo- 
lution, the  motion  continuing  for  a  few  minutes  at  a  time. 

AVhile  this  is  going  forward  digestion  is  rapidly  taking  place,  and  the 
(Hirtions  which  have  suffered  complete  action  are  oozing  through  the  py- 
loric valve  hilo  the  intestine  as  a  semi-fluid  and  apparently  Kormaiion  o^f 
homogeneous  material  called  chj-me,  Thig  process  Laa  fairly  chyme. 
set  in  in  the  course  of  an  hour,  and  is  usually  tiniahed  in  about  four 
In  consistency,  color,  and  chemical  reaction,  the  chyme  varies  with  the 
nature  of  the  food,  its  chemical  constitution,  and  its  quantity  ;  but  under 
common  circumstancea  it  presents  the  acid  reaction,  for  it  is  to  be  remem- 
bered that  the  diurnal  snpply  of  hydrochloric  acid  to  the  stomach  ja  about 
the  fifth  of  an  ounce.  Arrived  m  the  intestine,  the  chyme  is  pushed  for- 
ward by  the  peristaltic  movements,  and  soon  after  its  appearance  in  the 
duodenum  19  mixod  with  several  important  fluids — the  hile,  which  is  fur- 
nished by  the  liver,  the  secretion  of  the  pancreas,  and  the  enteric  juice 
which  is  exuding  from  Bninner*B  glands. 

The  digestion  of  the  albuminous  part  of  the  food  commences  in  the 
stomach,  and  in  that  cavity  advances  tar  toward  completion.  SMmmaTj-of 
The  action  is  not  merely  for  the  purpose  of  bringing  those  "jll^'on"* 
substances  into  a  state  of  solution  in  water,  but  also  of  modi-  ihi^  Muu^uch. 
fying  tliera  chemically.  This  change  is  so  well  marked  that  it  has  been 
found  expedient  to  indicate  it  by  a  designation,  and  hence  we  apeak  of 
albumen  peptone,  fibrin  peptone,  casein  peptone.  These  peptones  are. 
for  the  most  part,  absorbed  by  the  blood  capillaries,  though  a  portion  of 
them  enters  the  circulation  as  a  constituent  of  chyle.  In  the  syBtem, 
whatever  their  origin  may  have  Ix-en,  they  seem  to  revert  to  the  state  of 
blood  albumen.  But,  though  the  production  of  tiiese  peptones  is  aeeom- 
pliabed  to  the  extent  that  has  been  mentioned  in  the  stomach  by  t]ie  gas- 
tric juice,  the  action  is  continued  and  brought  to  its  completion  in  the 
small  intestine  by  the  aid  of  the  intestinal  juiee.  It  does  not  appear  that 
the  large  intestine  participates  in  this  duty,  since  portions  of  coagulated 
albumen,  or  of  flesh  introduced  into  it  through  fistulous  openings,  an' 
voided  through  the  rectum. 

Such  is  the  general  description  of  the  act  of  digestion.     We  have  next 
to  enter  on  a  physical  examination  of  wliat  it  is  that  really  influence  of 
ta.kc3  place  in  the  Btomacli.     It  was  formerly  suppo&cd  that  thenfrveBon 
digestion  is  entirely  due  to  nervous  agency,  since,  if  the  pneil- 
mogastric  nerves  be  di\'tded,  the  process  is  very  much  interfered  with. 
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Bnt  this  inferferencQ  takes  place  only  in  an  indirect  way,  for  the  section 
of  those  n<?j%'es  ia  attended  with  aach  a  j)aralysis  of  the  stomach  that 
those  moveinetita  which  so  well  serve  to  mix  up  the  food  with  the  gas- 
tric juice,  and  expel  it  through  the  pyloric  valve,  are  put  an  end  to. 

Bidder  and  Schmidt,  from  tui  examination  ol'  four  dogs  with  gastric 
Eopctofsaetian  ^^stidae,  deimonatrated  that  the  section  of  the  pneurnogastric 
of  the  pneamo-  nerves  does  not  exert  that  influence  on  the  secretion  of  the 
^^  '   gastric  juice  which  had  been  formerly  supposed,  for  both  in 

quantity  and  composition  it  reniaincd  the  same.  Even  in  those  cases  in 
which  both  they  aiid  others  have  observed  a  diminution  in  its  amount, 
the  result  ought,  probably,  to  be  referred  to  the  fihock  given  to  the  entire 
system  hy  the  severity  of  the  operation. 

The  acidulatnig  material  of  the  gastric  Juice  is  hydrochloric  acid.  Ta 
it  possible  by  artiticial  mixtures  containing  tlnat  substance  to  reduce 
food  axticles  to  a  digested  condition  ?  This  inquiry  introduces  a  descrip- 
tion of  the  experimental  investigations  which  have  been  made  in  artificial 
dige&tion. 

When  water  acidulated  with  hydrochloric  acid  is  kept  in  contact  witli 
Aniiidol  ai-  albumen,  no  action  is  perceptible  at  ordinary  temperatures  in  a 
1,'^tfon.  moderate  [.icriod  of  lime.  If  the  temperature  is  raised  to  about 
150°  a  slow  disaohition  ensues,  which  beeomea  better  marked  as  the  heat 
rises  towartl  212°. 

But  if  to  the  weak  hydrochloric  acid  thus  made  to  act  on  albumen, 
pepsin  is  added,  tlic  solution  takes  place  with  rapidity  at  moderate  tem- 
peratures. An  ounce  of  water,  mixed  with  twelve  drops  of  hydrochloric 
acid  to  which  one  grain  of  pepsin  has  been  added,  will  completely  dis- 
solve the  white  of  an  egg  in  two  hours  at  a  temperature  of  100°.  It 
acts  in  the  same  manner  on  cheese  or  flesh,  these  nitrogeniiced  articles 
being  converted  into  soluble  non-coagulable  bodies.  The  acid  does  not 
enter  into  cliemical  combination  with  the  dissolving  organic  matter.  It 
may  be  recovered  from  the  solution  by  resorting  to  proper  processes. 

Wlien  striated  muscular  tissue  is  submittetl  to  artificial  digestion,  it  is 
AftifiLioi  iii^  '^^^  divided  into  its  constituent  fasciculi,  and  tlie  transverse 
t{es:ionofinii*-  striaj  then  disappear,  the  sarcolcmma  being  destroyed.  The 
course  of  the  action  seems  to  be  the  same  in  natural  diges- 
tion. In  the  fa'cal  matter,  shreds  of  muscular  fasciculi  still  bearing  their 
BtrialioP  may  be  discerned.  These,  having  by  chance  escaped  solution 
during  their  sojourn  in  the  stomach,  have  passed  through  the  whole 
length  of  tlie  digestive  tube  unchanged. 

Pepsin — tlie  substance  resorted  to  in  these  experiments — may  be  ob- 
„    ,  tained  by  maceratinE  the  mucous  membrane  of  tlis  stomach 

Pepsin,  prep-  ,  •         ■      i    i  mt  '  t  -  i 

uaiion  and  for  a  short  tunc  in  lukewarm  water,  ibis  wateij  along  with 
[tropertiics  of,  ^  ^gj.^  ^^  jjjg  pepsin,  removes  various  impurities  ;  it  may  there- 
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fore  te  cast  away;  the  maceration  being  then  continued  with  a  fieah  por- 
tion, of  cold  water,  and  this  being  submitted  to  liltEation,  and  anbeequent* 
ly  evaporated  at  a  low  temperature  to  dryness,  yields  the  pepsin  as  a 
gumray  mafia.  From  its  solutions  pepsin  may  be  precipitated  by  coiTO' 
give  BubUmate  or  acetate  of  lead,  and  it  may  be  eeparated  from  those 
combinations  by  aulphureted  Jiydrogeu.  Wasmanu  availed  himself  of 
this  fact  to  obtain  it  in  a  pure  state. 

Cwbon ,. ,  S30.OO 

Hydrogen 07.00 

Nitrogen.,, , irH.OO 

OaLv^n gS'i.OO 

1000.00 

From  this  it  would  ap^wnr  that  it  contains  leas  carbon  and  more  nitro- 
gen than  the  members  of  the  protein  group. 

A  weak  acid  therefore  possesses  at  a  liigh  temperature  the  power  of 
brinetne  into  a  state  of  BolutioTi  the  various  nitroeenized  food  „  . 
matters,  and  at  lower  degrees  fads  ot  that  property ;  but  in  pUcita  u  higii 
the  presence  of  pepsin  the  solvent  powers  are  assumed  un-  «"J'p6"'a«- 
der  the  latter  circumstances,  and  therefore  it  is  said  of  this  substance 
that  it  replaces  a  high  temperature,  ^^y  its  aid,  hydrochloric  or  lactic 
acids  present  in  the  stomach  reduce  the  I'ood!  to  a  unitbrm  pulpy  mass 
— the  chyme.  Of  all  acids,  tlieae,  however ,  alone  are  capable  of  forming 
digestive  fluids. 

Formerly  it  was  supposed  that  the  act  of  digestion  was  simply  me- 
chanical, the  food  beine:  CTound  down  to  chyme  br  the  mo-  _, 
tiona  of  the  stomach.  Reaumur's  experiments  showed  the  peTiriiedwvFitL 
error  of  this  supposition,  lie  took  small  hollow  silver  balls,  ^  '^rbaUa. 
iKrforated  with  holes,  and,  Iiaving  ftlled  them  with  meat,  caused  them  to 
be  swallowed  by  a  dog.  When  they  had  remained  in  the  animal's  stom- 
ach a  suitable  length  of  time,  they  were  withdrawn  by  a  thread  which 
had  been  previously  attaehed  to  them.  Now  if  the  stomach  acted  by  « 
triturating  or  grinding  power,  the  material  within  the  ball  would  be  en- 
tirely protected,  hut  ii*  by  a  solvent  power  exerted  by  the  gastric  juice, 
the  digestion  should  at  most  be  only  delayed.  Accordingly,  it  was  found 
that  this  was  what  actually  took  place,  digestion  being  fully,  though  more 
slowly  accomplished,  the  action  commencing  on  the  outside  of  the  mate- 
rial, and  gradually  reaching  its  centre.  If  the  balls  wera  kept  m  the 
Btomach  long  enough,  they  came  out  quite  empty  at  last. 

The  idea  that  tliere  ia  soniethijjg  more  than  a  simple  solution  of  the 
food  effected  in  the  stomach,  that  some  mysterious  change  is  Chief  object  of 
impressed  upon  it  by  the  vitality'  of  tlrnt  organ^  may  there-  [S'^te*'!^ 
fore  be  abandoned.     It  does  not  appear  that  there  is  any  ea-  imimfthefcwil- 
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aential  difference  between  natural  digestion  and  the  artificial  imitation  of 
it,  either  aa  respects  the  order  of  action  or  the  final  result.  Moreover, 
the  anatomical  eonsiJeration  that  tlie  food  ia  yet  outside  the  body,  though 
it  is  inside  the  stomach,  should  be  sufficient  to  remove  all  errors  of  that 
Ednd.  A  living  surface^  eucb  as  the  skin,  never  exerts  any  chemical  ac- 
tion at  a  distance ;  and  the  lining  roembranc  of  the  Btomauh,  both  as  re- 
_;^ards  its  physiological  origin  and  its  anatomical  relation,  ia  nothing  more 
ihau  a  reflected  conliiiuntion  of  the  f>kin.  The  act  of  digestion  ia  com- 
pleted long  before  Uie  nutrient  material  ia  taken  up  by  the  lacteals  and 
veins,  and  tlirown  into  the  torrent  of  the  circulalion.  But  tlien,  and  not 
till  then,  is  the  food  fairly  in  the  interior  of  the  body. 

The  lacteala  and  veins  can  not  esert  their  absorbent  action  on  a  sub- 
(jtanoc  presented  to  tbem  unless  it  is  dissolved  in  walcn  If  not  abso- 
lutely diaaolvcd,  at  least  it  must  he  in  that  condition  of  minute  subdivis- 
ion which  Txe.  see  in  emulsions.  Though  it  has  been  stated  tliat  insolu- 
hie  Bubstances,  such  aa  charcoali,  can  find  their  way  into  the  circidation 
in  the  solid  state,  there  docs  not  appear  to  be  a  sufficient  weight  of  evi- 
dence to  support  such  an  improbability.  In  the  economy  of  plants,  it  is 
TnplBitts  mil  ^  general  rule  tliat  nothing  can  have  accei^a  to  the  interior  of 
nutrient  m»te-  tjigij-  system  except  it  be  dissolved  in  water.     All  the  van- 

nal  must  [>e  in  ,        ,.*  ,  ,  .  i       ■       i  • 

-oluiiunin  wa-  ouB  gases  and  saUne  suhstancea  they  require  are  obtained  m 
'*-'"'■  a  state  of  solution;  the  former  are  introduced,  for  flie  most 

part,  through  the  leaves,  the  latter  through  the  roots.  The  object  aimed 
at  in  the  construction  of  the  digestive  apparatus  of  the  animal  mcchaniani 
Is  absolutely  the  same.  Plants  use  as  their  food  inorganic  matter  only; 
the  chief  materials  on  which  they  depend,  such  as  the  salts  of  ammonia 
and  carbonic  acid,  are  abundantly  soluble  in  water.  Tlie  ascending  eap 
obtains  the  former  from  decaying  organic  residues  in  the  ground ;  the  at- 
mosphere presents  tlie  latter  unceasingly  to  the  leaves ;  and  since  the 
economy  of  many  plants  requires  earthy  salts,  as  eilicate-s  and  phos- 
phates, wliich  are  of  sparing  solubility  in  water,  the  difficulty  arising  fron» 
that  want  of  solubility  is  avoided  by  tlie  introduefion  of  an  immense  quan- 
tity of  water,  which,  after  bringing  into  tlie  plant  the  needful  amount  of 
mineral  material,  is  evaporated  off  at  the  leaves.  But  tlie  food  of  animals 
is  essentially  orpine,  and  this,  before  it  can  be  received  into  their  blood, 
must  be  brought  into  the  disaolved  state.  It  must  be  submitted  to  a  pre- 
paratory operation  or  series  of  o]>erationB.  However  complicated  these 
The  ojwraiioni  QT  the  mectajusm  which  acconiplishcs  them  may  be,  (he  end 
i.rt  the  fooii  are  aimed  at  is  clear.     The  action  begins  by  the  cutting,  tearing, 

[iutpIv  clicmic-  »  ,,  ("ii  ['in  ii  ii 

i.liiiameclian-  sr>d  cnishing  movements  ol  the  teeth,  winch  break  down  ail 
"^'-  the  larger  jwrtiona,  and  cany*  on  l]ie  process  as  far  as  it  is 

[K>ssible  by  mecliaTiical  means.  The  stomach  then  continues  the  pubdi- 
vision  by  chemical  agency,  to  the  end  that  &  condition  of  solution  may  be 
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attained.  Digestion  is  not,  tlierefore,  to  vitalise  tlie  food,  as  the  ancients 
9upposedt  nor  to  cominmiicate  to  it  any  new  or  obscure  properties ;  it  is 
lor  the  puqwse  oC  comminuting,  suWtvitling,  diwaolving,  or  bringing  it 
into  that  minutely  suspcncled  state  that  it  can  witiiout  difficulty  submit 
to  the  absorbing  action  of  tlie  kcteala  and  veins.  There  is  a  complete 
analogy  betwcien  tliis  ojicralion  and  the  artificial  processes  to  which  the 
cliemiat  resorts  in  his  laboratory  for  the  solution  of  various  1x)dios.  He, 
too,  uaea  mechanical  implements- — the  mortar  and  pestle  to  grind,  the  ham- 
mer to  crush,  the  rasp  to  abrade.  "VVlicn  these  liave  carried  the  subdi- 
vision aufticicntly  far,  he  resorts  to  acids  or  other  solvents,  and  thuH 
breaks  down  the  compactness  of  the  hardest  minerals,  and  brings  them 
into  the  diesolved  etate,  Tlic  animal  world  prcf*ents  if*  with  a  thousand 
(lluslrations  of  the  principles  here  set  forth,  mechanieal  contrivanccfl  curi- 
ously arranged.  For  instance,  birds,  whose  plan  of  orgaaiization  ia  sucli 
as  to  meet  the  case  of  locomotion  through  the  air,  coiihl  not  have  tlie  an- 
terior [lart  of  their  bodies  loaded  with  teeth,  accompanied  as  they  must 
liave  been  with  a  powerful  muscular  apjiaratus.  Ruch  a  mechanism 
would  have  rendered  the  animal  top-heavy^  and  wnuld  have  been  totidlv 
inconsistent  with  'flying.  But,  to  avoid  this  difficulty,  that  which  miglu 
truly  be  regardetl  as  the  mouth  is  lodged  in  the  interior  of  the  body,  nearer 
the  centre  of  gravity.  It  is  the  gixzard.  Instinct  teaches  the  bird  to 
3wallow  «mall  angular  fitoncs,  and  tlie  food,  rasped  between  |)owcrfid  nuis- 
iTilaf  surfaces,  is  soon  brought  into  a  fit  condition  for  tlie  action  of  the 
stomach.  The  chemist,  too.  puts  fragmrnts  of  glfissor  oftjunrli:  into  the 
mortar  in  which  he  is  conducting  the  reduction  of  a  tough  or  resisting 
substance* 

The  tir.Ht  object  of  digestion  i.5,  therefore,  the  subdivision  of  the  food. 
The  operation  begins  in  the  month  by  a  resort  to  mechanical  implementa. 
and  when  these  have  carried  the  process  as  far  as  tlicy  can,  the  stomacli 
continues  the  duty.  In  its  cavity,  when  in  full  activity,  the  tcmjierature 
is  IW'^ ;  a  periodically  increasing  and  relaxing  motion  of  revolution  is 
kept  Up,  gastric  juice  exudes  in  definite  {juantity,  the  hydrochloric  and 
lactic  acids  exert  their  action,  and  in  the  course  of  three  or  four  hours 
a  complete  reduction  is  accomplished. 

iVllusion  lias  been  made  to  the  probability  that  different  portions  of 
Ihe  mueoti3  membrane  of  the  stomach  discharge  functions  Re^'ionaiiiivi^ 
which  are  wholly  distinct,  one  portion  being  devoted  to  the  a'd,''ror''jiff™" 
elaboration  of  ]jep3in,  another  to  the  secretion  of  hydroclilo-  ent  runcdona. 
ric  acid,  another  to  the  preparation  of  a  special  mucus.  This  \iew  de- 
rives considerable  support  from  many  facts  in  comparative  phi'^siology. 
In  those  cases  in  which  the  food  approaches,  in  its  mechanical  atid  chem- 
ical condition,  to  the  form  which  it  is  destined  to  assume  as  a  part  of  the 
body  of  the  animal  receiving  it^  the  stomach  is  simple  in  construction. 
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DlgBBiive  tnr.i  era  enr- 


and  13  little  more  titan  a  mere  dilatation  of  the  alimentary  canal.     But 

Analogrous  ai-    when,  as  among  the  herbivora  and  granivora,  fV-  ^ 

ri^^ent  aVi"    there  ia  a  great  ditference  between  the  ibrm 

msils.  of  the  food  received  and  the  fomi  of  the  tis- 

fjues  to  be  made,  the  digestive  sac  no  longer  presents 

such,  a  Bimple  structure,  but  ia  parted  09*  into  distinct 

regions,  or  ia  actually  converted  into  distinct  organs. 

Thus,  in  the  insect  digestive  tract  shown  in  J^iff.  8, 
T)tg«tEvBct.iH=  f  ^^.  ^^^  pharynx,  6  the  cceophagua,  lead- 
partmeats  rf  ing  into  a  cTop  or  insalivatory  pouek,  c,  and 
iTiaecta.  ^j^-g  jj^^^  jj^j,  gizaard,  rf,  the  function  of  which 

is  to  rasp  up  and  abrade  the  more  resiating  portions  of 
the  food,  which,  when  this  ia  accompHslied,  passes  into 
the  true  stomacli,  e,  and  from  thence  into  the  intestine,  ff. 
The  delicate  veasela  about  y*  are  supposed  to  be  biliary 
tubes,  and  /*  glandular  aecretiitg  organs* 

Even  in  these  cases  of  minute  organization,  the  rau- 
cous structure  remains  the  same  as  in  larger  animals  of  the  same  mode 
Fig  V.  *^f  life-     The  photographic  representa- 

tion  in  J^Jgr.  9  displays  the  same  retic- 
ulated appearance  in  the  stomach  of 
the  carnivorous  beetle  as  has  been  de- 
scribed  in  the  case  of  that  of  man; 
and  undoubtedly,  iivith  ainiilarity  of 
structure  there  is  similarity  in  the  man- 
ner of  action. 

A  regional  division  of 
the  digestive  apparatus 
ia  also  presented  in  the 
case  of  many  birds,  as 

Murouinii-nih™n.-r>rrlipiiwmncliura  coralvo-   ^^    ShOWn    m    tllC   photO- 

rpu«  brrLc  ,..g„.u«i  M)  di.n«ie«.         ^^phic    representation, 
I'^iff.  10,  in  which  we  have  the  digestive  tract  of  tlie  com- 

DiReativeco™.  "^°"  *''^^^1>  '^  ^'"^  ^^"^   ocsophagus    leading 
psitmeniu  (jf     into  the  insalivating  pouch  or  crop,  ^k 
'     '  which   empties  into  tlie  stomach,  r, 

and  this  into  the  gizzard,  d.  In  ttie  stomach, 
which  is  relatively  small,  the  digesting  materia]  9. 
ia  mingled  witli  the  gastric  juice  before  being 
submitted  to  the  action  of  the  gizzard.  From 
tlie  gizzard  it  is  passed  into  the  small  intestine 
ftf*  In  the  figure,  e  is  the  liver,  ^,  g,  the  cceca, 
and  A  tbe  cloaca.  nigemivc  m«i  of  .be  »>mi»»  (bwi. 
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fig 


In  tiie  ostrick,  aa  aliown  in  ^i§.  11,  the  local  distribution  of  tlie  glan- 
^  *J-  dolse  very  obviously  marks  out  a  regional  dis- 

tribution of  function,  C  b  tbe  cardiac  cav- 
ity, the  mucous  membrane  of  which  is  stud- 
ded here  and  there  with  glands  ;  G  G  are  the 
surfaces  of  the  gizzard.  Among  the  higher 
quadrupeds,  tiie  e\'idencea  of  a  similar  divig- 
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Fiff.  13. 


^^ 


DAnfor  or>l«rn»cb  oi  A^CSQ  Mtrjch.  gtomBeh  of  dartDi>ny«.  Stomach  of  Capo  bTmx. 

ion  of  imiction  are  presented.  TJina,  in  the  dormouse,  J^ig.  12,  there  are 
two  compartments  :  a  cardiac,  C,  and  a  pyloric,  P ;  the  same  tiiKBiiivecom- 
being  exhibited  more  perfectly  in  the  Cape  hynix,  J^lff.  l-'J.  partramts  of 
In  these  caaea  the  cardiac  compartment  ia  ot'ten  lined  with 
cuticle,  but  the  pyloric  not.  .;Vn  increase  ui  the  number  of  these  cavities 
occurs  ag  the  food  becomes  more  heterogeneous.  In  the  porcupine,  J*lg. 
14,  there  are  four,  and  in  the  porpoise,  J^iy.  15,  five.     The  stomach  of 

Pyj.  l-L  Fiff.  15.  Pig.  10. 


the  kangaroo,  as  shown  in  l^ig.  16,  poasesaea  a  multitude  of  these  cliam- 
bCTS  or  compartments,  and  therefore  ofters  a  good  illustration  of  the  sub- 
divi&iona  of  stomach  digestion. 

P'?- 1'-  The  case  of  rumtnants 

possesses  a  special  inter- 
est. Ill  these  there  are 
what  might  be  termed 
four  difi'erent  digestive 
chambers,  as  is  shown  in 
J^ig.  17t  in  which  a  ia  the 

DlgwtlToewltlMofsniniiiimQt.  OESOphagUg  ;    ^,  the  LuglU' 
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vies  or  paunch ;  c,  fho  reticuluni  or  honey-comb  stomach ;  <L,  the  omiaaiiiii, 
Digwtive com-  Pianypltea,  or  third  stomach;  e,  aboma^iuin,  reed,  or  fourth 
liartmenis  of  atomacli ;  and^»  the  pylorus.  The  food,  roughly  triturated 
mminiinifl.  -^  ^^^  mouth,  CHters  the  ingluvies,  in  which  it  is  moistened ; 
It  then  passes  into  the  honey-comb  or  aecoiid  stomach,  which  likewise 
receives  directly  the  water  that  has  been  taken,  and,  after  it  has  been 
thoroughly  moistened  therewith^  it  is  returned  to  the  mouth  in  small 
portions,  to  undergo  a  more  complete  mastication  and  insalivation.  Be- 
ing swallowed  again,  it  is  now  directed  into  the  third  stomach,  from 
which  it  jiaases  into  the  fourth.  In  this  it  is  submitted  to  a  true  acid 
Jigeation,  a  gastric  juice  lieing  secreted  from  the  walls  of  this  cavity.  It 
\a  the  mucous  lining  of  this  cavity  which  yields  rennet.  That  these  com- 
plicated motions  and  these  successive  actions  of  the  different  cavities  art 
ibr  tlio  purpose  of  preparation  for  the  true  digestion  of  the  fourth  stom- 
ach, 13  clearly  proved  by  the  fact  that  in  tlie  calf  the  milk  paasefi  directly 
into  the  abomaanm. 

Since  fislies  and  water  aniraaU  generally  have  no  salivary  glanda,  or 
Oigpfition  ^^1  radiinenla]^-  oneg,  some  physiologista  have  inferred  that  the 
in  tishfla.  i^j,,-,  of  (hc  HflUva  13  fnf  tiic  Commingling  of  the  food  with  a  due 
portion  of  water.  This  would  reduce  the  iniportaiice  of  insalivatioii  very 
greatly,  mij,  indeed,  ia  at-arcely  consistent  with  the  elaborate  mechanisin 
wliich  has  }»oijn  just  described  in  the  case  of  mminajit  animals.  It  is 
worthy  of  remark  that,  even  among  fishes,  there  are  some  which  exhibit 
a  true  nnniuation,  as,  tnr  example,  tlie  wirp.  This  is  not  alone  for  the 
purjioae  of  resubmittuig  the  food  to  the  abrading  action  of  the  pharyngeal 
teeth,  but  likewise  for  commingling  it  with  the  secretion  of  the  pharyii' 
gcal  cavity. 

In  view  of  tiie  preceding  facts,  it  may  be  concluded  that^,  bo  far  from 
iherc  Ix'ing  auy  thing  in  contrmliction  to  the  doctrine  that  different  por- 
lioua  of  the  digestive  surface  of  the  mucous  membrane  of  the  stomach  are 
devoted  to  different  duties,  there  ia  strong  evidence  in  support  of  its  truth, 
derived  jiartly  from  the  inntances  furnished  by  comparative  anatomy,  and 
partly  from  the  anatomical  stnictnre  of  the  gastric  mucous  meudirane. 
The  four  separate  digesting  chambers  of  the  ruminating  herbivora  are 
merely  an  elaboration  of  the  stniclurc  which  is  presented  by  an  appar- 
ejitly  homogeneous  mucous  surface  in  man+  ]5ut  that  thia  mncotis  sur- 
face is  in  reality  hetcrogeneoua,  and  in  different  regions  possesses  differ- 
ent powerHT  is  shown  by  the  fact  that  at  one  part  it  pTPscuts  mucous  fol- 
Rtcion*!  fuTic-  ^'''^^•^^■'  ^*  another  pepsin  follicles,  at  another  foilieles  for  the 
liona  of  human  secretiou  of  liydrochlorJc  acid.  Aa  we  approach  toward  the 
"wmiL  .  pylorus,  the  existence  of  a  new  fimction  is  betrayed  by  tlie 

appearance  of  a  new  mechanism— the  villi,  which  have  been  so  well  stud- 
ied by  Dr.  Neill,  and  this  is  even  indicated  externally  in  the  posterior 
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PoAlenur  -view  oj  Iiuiiiild  Blotnnch' 


r"***  ^"'      ^  view  of  the  human  stomacli,  Fig. 

mj^^  1^'  showing,  according  to  Profess- 

«||^^  or  JiCct^ius,  that  the  uittrum  pj- 

^HfBk  lori  ot'tlic  older  anatoniista  is  r^- 

a^g  BkvB.''^       ^y  ^  Bpeclal  comportTDent  of  tlir 

\m  ^H^      general    cavity.       Tho    figure    ia 

M  \  M    V      derived  from   numerous  examin- 

ations of  the  ^Btoraach  in  bodies 
of  n;iddl«-agcd  women,  and,  ag 
represented  at  f  c,  d  d,  indicates 
the  antrum   pylori,  a  being  the 
ofi^Dphngus,  h  the  cardiac  orifice. 
Tiie  antrum  pylort  is  distinguish- 
ed by  greater  tkickiiess  of  its  mus- 
cular coat,  more  copiouB  glandu- 
lar development,  aiid  the  presence 
of  the  well-known  plicm  fiml)riata\     The  commencement  of  the  duode- 
num also  forms  a  special  roiuided  cavity,  which  Professor  Retzius  pro- 
poses to  name  aiitnmi  duodcni,  characterized  internally  by  the  absence 
of  vahnila^  conniventes,  and  by  the  dense  array  of  Brunncr's  gland.s  be- 
neath its  mucous  membrane.     Thia  part  conatitutca  what  has  been  called 
the  fourth  stomach  in  the  porpoise  and  some  other  cetaceans.     The  so 
called  ligaments  of  the  pylorus  are  connected  witli  the  fomiation  of  the 
antrum  pylori. 

It  has  been  remarked  that  the  first  aim  of  digestion  ia  the  procuring  of 
the  food  either  in  a  dissolved  atatCt  or*  at  all  cvcnta^  in  a  con-  ni^-^tiou  ac 
dition  approaching  thereto.     But,  in  addition  to  tliis,  pro-  ">rapli»hea  to- 
found  changes  in  the  very  nature  of  the  digested  material  niptamorphosis 
must,  in  an  incidental  way,  be  constantly  occurring.      Thus  o''^*'*' f'w'- 
the  action  of  saliva  is  to  produce  lactic  acid  from  starch,  and  thus,  ui 
the  atomaeh  itsK'lf,  starch  is  transnmted  into  sugar.      In  some  cases  the 
tirat  stage  of  digestion  seems  to  l>e  actually  the  reverse  of  what  baa  been 
here  aet  forth.     Milk,  when  received  into  the  atomaeh,  undergoes  coagu- 
Jution^  and,  in  like  manncir,  so  aUo  doe:?  soluble  allmmen.     But  these  arc 
only  incidental  cliangcs,  the  temporary  solids  thus  produced  soon  lique- 
(ying  as  proper  digestion  seta  in.     There  ia  rcasou  to  believe  that  all  the 
protein  bodies  are  passed  into  the  condition  of  albuminose,  and  this  though 
they  may  have  lw;en  introduced  in  the  lic|uiid  state.     Even  soups  and 
broths  require  to  be  digested.     A  solution  of  gelatine,  after  Q^,Ju(,^„n 
it  has  been,  in  the  stomach,  refuses  to  gelatinize,  a  sohition  pea  of  the  fcod 
of  albumen  to  coagulate     The  circumstance  that  gages  may  j[^|';]i^n^"'^n'^ 
be  evolved  from  digesting  material,  both  in  the  stomach  and  nssimiluiionof 


intestine,  is  a  sufficient  proof  that  that  material  is  undergoing 


water. 
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ft  more  or  less  extensive  cliange.  But  theae  changes  are  altogether  ineig- 
iilficant  when  compared  with  those  great  metatnorphosea  which  the  nu- 
trient material  passes  tlirough  after  it  has  been  absorbed  from  the  digest- 
ive cavities  ;  and  doubtless,  at  the  most,  thej'  aj:^  onlj  mere  subdivisions, 
of  which  the  sphtting  of  the  sugar  or  starch  atom  into  lactic  acid  may  be 
taken  as  the  type,  or  mere  unions  with  water,  of  which  the  passage  of 
cane  sugar  into  milk  sugar  is  an  example, 

Tlio  gasfxic  juice,  thercforeT  not  only  diaaolvea,  but  also,  in  an  incipient 
rrodnction  of  and  indirect  manner,  modifies  the  food.  Protein  bodies  and 
pepioQes,  gelatinous  matters  yield  aubstanccs  after  its  action  of  the 

same  composition  as  tlieir  own,  but  with  diflFerent  physical  and  chemical 
properties,  being  readily  soluble  in  water,  and  even  in  diluted  alcohol,  and 
not  forming  insoluble  compounds  with  metalline  salts.  By  Lehmann. 
who  lias  ejcamhied  these  substances,  they  have  been  designated  as  pep- 
tones ;  and  since  they  may  arise  without  the  evolntion  or  absor|>tion  of 
any  gaa,  and  the  quantity  of  sidplmr  they  contain  is  tlie  same  as  that  in 
the  bodie^j  from  which  they  were  derived,  he  infers  that  the  action  is  real- 
ly an  assimilation  of  water,  the  other  ingredients  remaining  unchanged. 

Turning  our  attention  now  to  the  origin  of  the  gastric  juice,  it  is  inter- 

,,        .  cstiuff  to  observe  the  economical  inanner  in  which  its  hydro- 

Use  and  niAD-      ,,,T  inii  T 

mgeracnt  of  chloHC  flcid  element  is  managed,  lb  tlie  proper  understanding 
aimwon      L.    ^^  ^j^j^^  j^  ^  necessarj'  to  anticipntc  what  will  have  to  be  more 

fully  considered  in  describing  the  bile,  a  ^miform  ingredient  of  which  is* 
the  oxide  of  sodium,  or  soda.  The  hydrochloric  acid  of  the  gastric  juiai 
and  the  soda  of  the  bile  arc  derived  from  the  same  soiirce — common  salt* 
which  is  either  present  in  the  fond,  or  purposely  added  as  a  condiment. 
It  undergoes  decompo.'^ition  easily,  jieldiug  the  two  products  specified. 
that  is,  hydrocldoric  acid  and  soda,  and  is  readily  formed  by  the  reunion 
of  these  substances. 

There  exists  in  the  action  of  the  kidneys  a  special  prot'ision  for  prevent- 
ing the  quantity  of  chloride  of  sodium  present  in  the  blood  from  rising 
over  41  parts  in  10,000,  This,  of  course,  controls  tlie  amount  diffused 
through  the  tissues.  The  necessity  of  eucli  a  rcgiUation  becomes  ajrpar- 
ent  when  we  consider  that  the  rate  of  the  solubility  of  albumen  and  ca- 
sein in  water  is  governed  by  the  presence  of  that  substancv,  as  is  also  thf 
quickness  with  which  the  coagulation  of  tibrin  takes  place,  and  the  re^ 
pair  of  the  waste  of  the  muscles. 

Common  salt  introduced  into  the  system  undergoes  decomposition. 
furnishing  hydrocMoric  acid  to  the  gastric  juice,  and  soda  to  the  bile. 
Considering  the  large  quantity  of  these  secretions  produced  in  a  short 
space  of  time,  it  is  clear  that  (he  drain  of  common  salt  must  be  great— 
not  less  than  a  third  of  an  ounce  a  day ;  yet  the  quantities  consumed,  a1 
most,  are  only  smalL 
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I  How,  theo,  is  thia  to  be  explained?     Assuredly  theze  ia  ao  other 

I         sonrce  irom  which  these  bodies  can  come  than  the  one  indicated — the 
foinmon  salt»  and  yet  it  seeraa  to  be  totally  inadequate. 

I  think  that  this  difficulty  \a  rather  imaginaiy  than  real.  Things  an.' 
so  arranged  that  a  Umite-d  quantity  of  salt  can  produce  unlimited  quanti- 
ties of  gastric  juice  and  bde ;  for  the  former,  associated  with  the  food  v 
has  digested^  ecart^ly  escapes  from  the  pyloric  valve  before  it  encounter? 
the  bile  and  pancreatic  juicea  dischM;ging  into  the  duodenuirij  and  througli 
the  length  of  tlic  upjier  portion  of  the  small  intestines  thcae  secretions, 
together  ■B.'ith  the  food  they  have  acted  upon,  are  brought  into  complete 
contact.  The  reproduction  of  chloride  of  sodium  is  therefore  constantly 
taking  place  in  intestinal  digestion*  and  it  returns  back  to  the  eystem 
tliTQugh  the  absorbents.  Again  it  undergoes  decomposition,  its  acid  re- 
appearing in  the  gastric  juice,  and  its  alkali  in  the  pancreatic  juice  and 
bile.  By  thus  using  a  email  amouint  over  and  over  again,  great  eftects 
can  he  produced,  and  it  ia  then  only  necessary  to  restore  those  small  por- 
tions that  are  wasted  in  carrying  out  the  general  scheme. 

In  the  low-prcssnrc  marine  steam-engine  we  have  an  example  of  the 
same  kind.  A  certain  quantity  of  water  is  vaporized  in  the  boiler  and 
condensed  in  the  engine ;  puun^ed  back  mto  tlje  boiler  to  be  vaporized, 
and  then  reoondensed  in  the  engine.  Comparatively  little  is  required  to 
supply  the  wants  of  the  macliine,  and  long  voyages  can  be  made  wit]i 
only  as  much  water  as  will  conqwnsate  for  the  necessary  waste  arising 
in  the  working. 

For  the  sake  of  presenting  the  consideration  of  tlie  function  of  diges- 
tion with  clearness,  it  is  customary  to  leave  out  of  consider-  „         ,   .. 
atinn  the  subordinate  actions  taking  place  both  in  the  etom-  Rcstion  is  hif^ 
ach  and  intestine.     This,  however,  involves  a  certain  amount  tcftlnoi'dt'e^ 
of  error,  since  respiratory  or  non-nttrogenized  digestion  oc-  taoni^cslorifA- 
cuTS  in  the  former  cavity^  and  nutritive  or  nitrogenked  in  the  ^'^'^ ' 
latter,     Ne^'e^thele8fl,  there  can  be  no  doubt  that  if  our  \'iew  is  restricted 
to  the  more  imposing  character.'*,  wc  are  justified  in  accepting  the  dogma 
that  "stomach  digestion  is  histogenetic  or  nitrogenized,  and  intestinal 

I       digestion  ia  calorifacient." 

I  Under  the  most  comprehensive  point  of  view,  examining  the  action  of 

the  entire  digestive  tract  from  the  mouth  to  the  tectum,  we  Gencmisum 
discover  a  recurrent  periodicity.     In  the.  mouth,  the  transi-  mary  of  differ- 
tory  digestion  taking  place  is  wholly  expended  upon  the  ca-  ^^""^ 
lorifacient  food ;  in  the  stomach  it  is  the  nutritive  porEion  which  is  chiefly 

I  attacked ;  in  the  duodenum  there  is  a  return  to  the  calorifacient,  and  in 
the  ccecum  of  animals  a  resumption  of  the  nutritive.  This  last  ia  lesi- 
apparent  in  man,  for  in  him  the  caecum  exiats  only  in  a  rudimentary  state, 
represented  by  the  appendix  vemiiformia. 


u 
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As  the  alteration  takea  place  from  calorifacknt  to  nutritive  digestion, 
the  active  fluid  changes  its  chemical  relations.  In  the  mouth  and  duo- 
denum, alkaUne  juices  are  resorted  to ;  in  the  stomach  and  coecimi,  acid 
ones.  AVhenever  there  is  an  accidental  inversion  of  these  conditions,  the 
result  correspondingly  changes;  so  when  bile,  which  ia  alkaline,  regur- 
gitates into  the  stomach,  the  digestion  of  nutritive  food  is  instantly  ar- 
rested. 

In  each  of  these  cases  the  object  is  the  same:  it  is  to  obtain  the  nutri- 
ent material  under  such  forma  that  the  ahaorbent  veeaela  can  readily  take 
it  up;  this,  as  ive  have  seen,  often  involves  a  metomorpliosis  of  the  ele- 
ments of  the  food  where  meclianical  subdivision  would  be  insufficient. 
Fibrin  has  to  be  brought  into  a  soluble  state^  and+  indeed,  albumen  itself 
must  he  modified.  If  it  has  been  taken  uncoagulated  or  glairy,  it  be- 
comes opalescent,  and  passes  into  the  allied  form  known  as  albuminose. 
In  this  condition  it  is  neither  precipitated  by  heat  nor  by  nitric  acid, 
though  tt  is  by  corrosive  subUmate.  The  cause  of  this  tratififormalion 
probably  has  reference  to  the  relative  facility  with  whicii  albuminose  can 
transude  into  the  venoua  eapiUaries  compared  with  albumen. 

There  is  thus  reason  to  suppose  that  the  result  of  stomach  ctigestion 
ia  the  reduction  of  tlie  various  nitrogenizcd  constituents  of  the  tbod  to 
the  condition  of  alhumino!»c.  It  is  plain  tliat  fibrin  must  come  into  this 
or  some  analogous  condition,  for  it  can  not  be  absorbed  as  fibrin,  and,  ac- 
cordingly, it  is  found  that  tlie  blood  of  the  gastric  and  mesenteric  veins 
abounds  in  albuminose. 

Intermediate  between  the  classes  of  calorifacicnt  and  hIatogRnetic  food, 
CaMofgteia-  belonging,  by  its  composition  and  condition,^  of  digestion,  to 
"*^^-  the  latter,  but  by  the  function  it  discharges  to  the  fonuer,  is 

gelatine,  a  nitrogenizcd  substance.  It  appears  to  he  always  derived  froni 
albumen,  and  any  portion  which  may  have  been  received  in  the  food  is 
never  directly  assimilated  or  ujscd  for  the  fabrication  of  tissue,  but  solely 
ministers  to  the  production  of  heat.  Thongli  thus  a  calorifacicnt  body, 
its  place  of  digestion  iw  the  fltomach.  After  it  has  suffered  the  action  of 
that  organ  it  has  lost  its  power  of  gelatinizing,  can  no  longer  be  precip- 
itated by  chlorine,  nor  give  the  leather  precipitate  with  tannin.  The  uac 
of  it  under  tlie  form  of  jellies,  soups,  etc.,  is  always  attended  with  the  ap- 
pearance of  an  unusual  quantity  of  urea  in  the  urine,  and  Jiencc  the  ad- 
ministration of  those  domestic  preparations,  under  an  idea  of  their  great 
nutritive  value,  is  to  be  looked  upon  as  only  a  popular  error.  In  an  in- 
direct way,  however,  under  the  conditions  of  restricted  diet,  usually  me( 
with  in  the  sick-room,  gelatine  doubtless  mainfaiua  an  interesting  relation 
to  the  albumenoid  bodies  in  this,  tiiat  it  protects  them  from  destruction 
by  undcrgobg  oxidatioii  itself,  and  ao  satislying  the  requirements  of  the 
respiratory  mechanism  ;  for,  were  there  not  such  a  substance  present  to 
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receive  the  attack^  the  respired  osygen  would  rapidly  bring  on  the  waste 
of  the  proper  nitrogenized  tigauea. 

In  relation  to  the  gelatigcnous  tissues,  it  may  lie  remarked  that  gela- 
tine is  not  an  actual  constttuient  of  theni,  but  arifics  from  them  Geintinfl  not 
by  boiling  with  water.  By  a  like  process,  sufficiently  pro-  ""p"c^'rv»titii- 
longedf  a  similar  substance  -may  Ix:  oljtained  from  cartilnge^  ent. 
designated  cartilage-gelatine,  or  ciiondrine.  In  tliese  casea  the  material 
anitea  with  water  in  the  B&mo  manner  th&t  starch  does  in  producing  glu- 
cose. 

The  food  must  therefore  pass  tlirongli  various  fltagea  l>efoTe  it  can  be 
fitted  for  introduction  into  the  circulation,  and  carried  to  all  parts  of  the 
ejBtcm,  It  is  procured  in  portions  of  a  snitable  size  pitlipr  by  the  fin- 
gers, or,  in  civilized  life,  hy  resorting  to  artificial  impleincntt*,  the  knife 
and  fork.  The  incisor  teeth  next  cut  it  up,  and  the  molars  crush  or  grind 
it,  being  worked  for  tliis  puqjoae  by  a  powerful  system  of  musclea  ;  mean- 
time it  is  incorporated  witJi  saliva  and  atmospheric  air.  Passing  into 
the  stomach  undej  the  condition  of  a  coarse  pulpy  mass,  the  gastric  juice 
carries  the  process  still  farther,  a  more,  intimate  disintegration  of  its 
Btructure  ensues,  and  it  ia  cventnally  brouglit  into  a  soluble  and  changed 
form.  The  time  required  to  produce  tiiis  effeet  varies  with  ,y  .-i-y,- 
thc  nature  of  the  food.  Thus  it  has.  been  noticed  that  beef  i>r  Jiirerwu  «r- 
is  much  more  quickly  acted  on  than  muttonj  and  nuitton  "*^"'' 
sooner  than  pork. 

Statements  respecting  the  digestibility  of  different  articlea  of  food 
must,  liowever,  be  received  with  many  restrictions.  If,  as  circntnstinef!' 
the  earlier  ])hysiologist3  believed,  the  stomach  was  the  sole  int^rfeiriinE 
digestive  cavitj>  and  the  intestine  only  for  the  purpose  of  ab-  of  diyeatibUi- 
sorption,  they  would  doubtless  be  much  nearer  to  the  truth,  ^y- 
But  when  we  recall  that  the  digestion  of  fata  does  not  even  begin  until 
the  intestine  is  reached,  and  that  tlie  digestion  of  the  nitrogenized  sub- 
Btances  is  only  in  part  accompHshed  by  the  gastric  juice,  but  goes  on 
under  tlie  influence  of  the  intestinal  juice  throughout  the  whole  length  of 
the  small  intestine,  we  see  at  once  how  imperfect  and  even  incorrect  ar*' 
the  indications  afTorded  by  such  experimentg  as  those  of  Spallanzani, 
who  introduced  food  articles  into  the  stomach  through  the  lesophagua  in 
perforated  silver  vessels,  or  those  of  Beaumont,  who  availed  himself  of  a 
gastric  fistula.  Neither  can  we  take,  in  all  instances,  the  time  which  an 
article  of  food  will  remain  in  the  stomach  as  a  measure  of  its  digestibil- 
ity,  for  this  ia  known  to  vary  with  many  conditions,  as,  for  instance,  the 
quantity  introduced  at  a  time,  and-  the  condition  of  the  organ  it&elf.  As 
general  illustrations  of  the  digestibility  of  some  of  the  ordinary  elements 
of  food,  the  examples,,  however,  beijig  more  or  less  open  to  the  preceding 
criticisms,  the  following  tacts  may  be  offered.     The  white  of  an  egg,  rep- 

K 


e6 


RELATIVE   DIQESTIBILITy   OF   FOOD. 


resenting  soluble  albumen,  if  introduced  inta  the  stomach  of  a  fasting  dog 
through  a  gastric  ii^titia,  will  disappear  in  less  thaxi  an  liour;  but  if  the 
whites  of  eight  eggs  be  introduced,  portions  thereof  can  be  recognized 
after  tour  Iionrs.  Lehraann,  who  made  these  observations,  adds  that 
blood  iibrin  viLries^in  its  time  for  gastric  eolution  n^ccording  as  it  13  in  a 
tinelj  eomminutcd.  or  a  massive  state ;  in  the  fonner  instance  disiijipear- 
ing  from  the  stomach  of  :i  dog  in  an  hour  and  a  halt',  but  the  samt'  wtJ^^dit 
in  the  latter  condition  ren-iuirlng  almost  twice  the  lime.  Coagulated  al- 
bumen indicates  the  commencement  of  digestion,  and  even  its  local  com- 
pletion, in  tVo™  five  minutes  to  a  quarter  of  an  hour ;  but  h^erc  again  much 
depends  on  the  condition  of  the  stomacli  and  the  general  state  oi'the  sys- 
tem, whether  the  animal  lias  been  fasting,  and  whether  the  gastric  juice 
is  exuding  in  a  dilute  or  concentrated  state. 

So  far  as  such  examinations  go*  they  do  not  cxJiiliit  any  marked  dif- 
Rnpirntory  di-  IcrencE  bctwceu  albumen,  fibrin,  and  casein.  Gelatine,  how- 
jroBiiun,  mi  of     evcT,  is  actcd  on  with  n'niarkalitc  rapidity,      Beaumont  ob- 

f 0.1, due!) not Lc-  i      i  -  i  i  i-n  j-  ■     ii       i        i    i-  t 

^da  in  tbi3  Bcrved  that  m  an  houx  iOO  grammes  01  jelly  Imd  disappearEd- 

st4iniflc:ii.  fpjjg  experiments  which  liave  Wn  made  on  the  digestibility 

of  vegetable  food  introduced  tluougli  gastric  fistuhe  arc  obAiously  of  no 
use,  since  tlie  diief  constituents  thereof,  such  as  starch  and  fat„  arc  not 
even  influenced  in  those  circumstances  until  tJicy  hnve  readied  the  intea- 
dfie>  Their  passage  from  the  stomach  in  this  unchanged  state,  or 
changed  only  so  far  as  their  nitrogenizcd  ingrt-dients  arc  conecmed,  may 
tcacli  us  the  imixtrtant  facf^,  which  should  in  tliesc  inquiries  be  always 
borne  in  mind,  that  d)sapj>carance  from  the  slomach  is  one  thing  and  di- 
gestion another^  and  tjiat  even  though  a  substance  nmy  Iiave  passed  the 
pyloric  valve^  its  dige&tion,  far  from  haviijg  been  compleled,  may  not  as 
yet  have  commenced. 

The  digestion  of  nutritive  or  nitrogcnized  material — histogenetic  diges- 
tion— is  therefore  carried  on  iu  the  stomach  mainly;  and  though  tirst 
jnechanical,  and  then  chemical  agencies  are  resorted  to,  the  object  is 
tliroughout  tlie  same — to  obtain  the  food  in  such  a  divided  and  changed 
^tate  that  it  can  pass,  dissolved  in  water,  into  the  capillary  vessels. 
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chapteh  TV. 

OF  CALOTOFACIENT  OB  INTESTDJAL  DTGESTIOK. 

.VitAjrv  of  InteMtinal  Ditfestian, — Slrvctire  of  the  /n  (eji/tw-- — Dijeativc  fTuidf  of  the  Intc^ine. — 
Thi  i"anrr<M(iV  J^mce. —  JTu  Euleyii:  ,Tni<r. — Jukc  <^  LitJfffLaJm.  —  Sf-n-elion  of  Pejier'f 
(Unnitf. — ^tiilt. — Jjuffittion  of  (lif  Carfmh^imtKs  and  Ui/clrurnrltons. — I'ropfrties  and  I'lirM- 
tic*  of  I^^i'Z  jdffl/. — Doftrine  of' f fie  EJficXs  «f  Aridity  and  Aik^lhikt^  (/the  DiffeslUn  Jtiicta. 
— IHaaSnilion  of  lalejitiniii  LUijrJilifni  />ohi  the  tnfddnif  of  Winf^ — M'lk-iaij  a/'Bread, — Itijhtaiet 
t>f  Hfiit  tnvr  /'i^^PK7l(J. —  Coi/'fxiru'on  cfGaitnc  and  Inlettmat /Mt/eation. — ■CAtwijfs  oftfa  In- 
tatiiial  Coulents..r~'/7ie  I'Wrai  Itrindfies. 

AfTER  the  cFiyme  formed- in  the  Btomach  has  passed  through  tlie  py- 
loric valve  into  the  small  intestine,  the  influence  of  the  gastric  juice 
continnes  for  a  certain  time,  even  after  the  hile  and  pancreatic  juices 
have  been  reached.  Since  their  action  must  be  necessarily,  In  the  first 
instance,  sujierficial,  the  interior  of  the  niase  ia  still  undergoing  stomach 
digestion* 

But,  setting  aside  this  incidental  result,  which  at  the  most  can  not  be 
of  long  duration,  the  digestive  operation  taking  place  in  the  Naturoofin- 
part  of  the  intestinal  tract  now  under  consideration  ia  di-  tc*iinal  diges- 
rected  to  tlie  heat-making  food. 

The  organ  in  which  calorifacient  digestion  takes  place  may  be  de- 
scribed as  a  tube  bounded  bj  two  valves,  the  pyloric  above  fitmcture  of 
and  the  ileo-coecal  below.  Its  length  may  be  estimated  at  '^''*'  i'ltcfltine. 
about  twenty  feet.  The  digestive  euri'ace,  making  a  due  allowance  for 
its  increase  by  reason  of  its  valvular  structure  presently  to  be  described, 
can  not  be  much  under  3500  square  inches.  The  dimeiiaions  of  the  ca- 
lorifacient digesting  surface  are  therefore  far  greater  than  those  of  the 
nutritive. 

The  interior  and  acting  portion  of  this  tube  presents  two  different 
systems  of  apparatus,  and  is  occupied  in  the  dischar<re  of  two  „    ,, 
totally  diBtmct  functions,  digestion  and  absorption.     It  is,  mtusonnust. 
perhaps,  this  double  duty  which  demands  so  extensive  a  sur-  '"°°' 
feccj  and  not  the  necessities  of  beat-making  digestion  alone. 

Like  the  stomach,  this  tube  consists  of  three  coats — a  aeroxis,  a  nius- 
cular,  and  a  mucous.     The  latter  is  gathered  up  in  its  inte-   .    . 

■-  ,  ,  Acucin  of  the 

nor  into  numberless  projecting  folds — tiic  valvule;  conniven-  vahuin^  c«mi- 
lea.     These  serve  to  increase  the  surface  to  which  the  food  ^  ""'"*■ 
iB  exposed,  and  perhaps  afford  a  mecbanical  obatacle  to  its  passing  too 
quickly  forward.     Tbey  tend  also  to  break  the  continuous  motion,  and 
bring  the  interior  parts  of  the  chyme  to  the  surface.     The  onward  move- 


68  INTE3TISAL   DIGESTIVE    FLUIDS* 

ment  is  of  course  due  to  the  pressure  exerted  conjointly  by  the  straight 
and  circular  iiLrea  of  the  muscular  coat.  Anatomiata  divide  the  tube 
into  three  portions — the  duodenum,  jejunum,  and  ileum. 

Fig.  n.  In  Fi(f.  19  wc  have  &  poa-^ 

terior  view  of  the  dmodenum,       [ 
a  being  its  aujjcrior  or  pyloric 
extremity,  b  the  middle  por- 
^  -^^    tioD,  0  the  jejunum,  d  tiie  gall- 
bladder, i  the  cystic  duct,/) 
u  licpatic  duct,  c  the  ductus  com- 
v^  ra^^^w  iimnis,  m  pancreatic  duct. 

Sooit  after  the  chyme  has 
escaped   through    the   pyloric 
valve  into  the   duodenum,  it 
P«i<^riornr,ufLh.di,..drDum,  cotncs  undef  the  influence  of 

the  bile  and  pancreatic  juices^  which  are  eometimes  discharged  npon  it 
.  at  a  common  point,  and  sometimes  at  a  little  distance  apart. 

itiauf  tiieia-  Alraost  Simultaneously  it  is  submilled  to  the  mechanical  «c- 
'**^™*''  tion  of  tlie  valvuhv?  conniventes,  which  make  their  appearance 

in  the  vertical  portion  of  the  duodenum,  and  continue  in  large  numbers 
until  within  the  last  two  or  three  feet  of  the  end  of  the  tube.  As  the 
intestine  is  distended,  these  project  with  a  certain  degree  of  turgidity, 
and  accomplish  their  mechanical  object,  ^ 

But,  besides  the  pancreatic  and  biliary  fluids,  there  are  other  juices  ^| 
thrown  upon  the  passing  chjTne — the  enteric  juice,  which  comes  from 
Brunner^s  glands,  and  a  liquid  oozing  from  the  follicles  of  Lieljerkuhn.  ^^ 
Moreover,  the  organisms  known  as  Peyer's  glands  are  afTecting  the  coa*^| 
tents  of  tiie  tube.     0\'  each  of  these  it  ia  necessary-  therefore  to  s^wak.  i 

Ist.  The  pancreatic  juice,  secreted  by  the  pancreas,  an  organ  bearing  a 
Pancreatic  resemblance  ia  its  anatomical  construction  to  the  salivary 
ag]rand°p™i!^  gla^i^s^  ind  hencc  usually  regarded  as  one  of  that  group, 
erdea  of.  The  juice  itself  ia  analogous  to  saliv^a^  being  viscid,  and  in  its 

reaction  alkrdine;  its  specihc  gravity  is  about  1»008.  Alcohol  coagulates 
it.  It  is  said  to  contain  no  aulphocyanide  nor  any  suspended  partiolea. 
It  acts  upon  starch  even  more  energetically  than  saliva,  transmuting  it 
into  sugar  and  lactic  acid,  and  upon  lats  by  forming  them  into  an  emul- 
sion, BO  that  they  are  readily  absorbed.  This  hag  been  found  to  take 
place  in  artificial  experiments  by  submitting  fat  substances  to  the,  juice 
at  a  tcmjierature  of  100<^. 

CoHstitvtian  of  Pana-fotic  Jniee  o/'Dot/.    (Awn  Sdnimli.) 

Wmcr ,...„.  9()0,7G 

OTKanio  matter 90.38 
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Enteric  juice. 
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As  would  be  inferred  from  the  difference  of  CTnuIsifying  po^ror  between 
the  saliva  and  this  juice,  its  organic  matter  differs  from  pf  jaline.  It  is 
estimated  tliat  the  standard  accretion  of  it  is  from  five  to  seven  oimcea 
per  diem. 

The  action  of  the  pancreatic  juice  appears  to  be  limited  to  the  upper 
half  of  tlie  inte^tine,^  for  it  ia  in  that  region  only  that  butyric  acid  is  de- 
veloped trora  butter. 

2d,  The  enteric  jnice  is  eecreted  by  the  oTgans  known  as  Bmnncr'a 
glands,  the  stmctiire  of  which  has  a.  certain  analogy  to  the 
preceding,  and,  like  it,  these  doubtless  belong  to  the  salivary 
group.  Brunner's  glands  occur  chiefly  in  the  upper  part  of  the  gmeUl  in- 
testine, presenting  themselves  in  the  submucous  tissue  thereof  as  little 
Iwdiea,  commonly  compared  by  anatomists  to  hemp-seeda.  They  consist 
of  lobules  with  ducts  communicating  ■with  a  common  outlet.  Their  se- 
cretion poasessea  a  more  energetic  power  when  mixed  with  bile  and  pan- 
creatic juicct  than.  tJic  pancreatic  juice  alone*  in  producing  fatty  emulsions. 
In  the  opinion  of  Bidder  and  Schmidt,  the  intestinal  juice,  which  they 
describe  as  being  invariably  alkaUjic,  not  only  mctamoTphosca  Htarch  as 

rapidly  aa  the  saliva  or  pancreatic  Juice,  but 
also  exerts  as  powerful  an  action  on  flesh, 
albumen,  and  other  protein  bodies  as  that 
which  occui'fl  in  the  stomach  itself. 

In  J^iff.  20,  which  ia  a  half  diagram  of 
one  of  these  glands,  a  a  represents  the  mu- 
cous surface  of  the  intestine,  and  5  the 
lobulatcd  gland,,  discharging  itg  secretion 
through  a  common  duct. 
3d.  The  secretion  of  the  follicles  of  Liebertuhn,  which,  as  shown  in 
f^.9i.  J^ig^  21,  are  straight,  narrow  coecal  de-  s^.retion  of 

pressLons  of  the  mucous  membrane,  found  follidea  of 
all  over  tlie  small  intestine,  and  in  a  gen-  "  *^  °' 
eral  manner  analogous  to  the  tubular  follicles  of  the 
stomach.  Tlieir  interior  is  lined  with  columnar 
epithelium,  and  in  depth  they  are  equal  to  the  thick- 
ness of  the  mucous  membrane,  their  closed  ends  be- 
ing therefore  in  eontact  with  the  submucous  tissue^ 
and  their  mouths  opening  into  the  intestine.  In  a 
state  of  healtli  they  contain  a  clear  mucu3-Hke  secre- 
tion. In  inflammations  of  the  part  they  are  filled 
with  a  more  opaque,  whitish  liquid.  From  their  re- 
semblance to  tlie  follicles  of  the  stomach  which  secrete  pepsin,  it  may  be 
premimed  that  they  possess  a  somewhat  similar  function ;  but  in  the 
Btomach,  the  reaultbg  secretion  is  brought  in  relation  with  acids  ;  in  the 
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intestine,  with  alkaline  bodies ;  and  Iienoc  the  physiological  action  may 
differ  In  the  two  jwaitions,  though  the  structure  and  primary  function 
may  be  the  same. 

4th.  The  secretion  of  Peyer's  gknds.  These  may  be  deat^ribed  as  cir- 
SecKiion  from  c^^  spota,  0*"  a  whitish  color,  and  about  tiie  tenth  of  an  inch 
Fey er'a glands,  j^  diamctcr,  Constituting  glandular  patches  full  of  cell  germSt 
but  witliout  any  excretory  duct  ojiening  into  the  intestine.  It  is  sup- 
posed that  they  diachnrge  their  contents  by  rupturing  at  a  certain  stage 
of  their  development.  The  solitary  and  agminate  glani-ls  appear  to  be- 
Fif.  m.  lo"S  tf*  ^^'^  same  physiological  group. 

0  {^i^  \  The  two  conditione  of  the  Pcyerian  glands 

'^5'  *re  shown  in  l*'iff.  22»  the  right  one  being 

J  ^  empty,  its  contents  Iiaviiig  been  discharged. 

>v^aP\  fem^j^lnj     tliG  left  one  still  full.     By  acme  it  is  denied 
■^^^^^^^         -  ■^^■-i    ((jg(  these  bodies  are  connected  with  intes- 
tinal digestion.      The   facta   tiiat  vascular 
loops  pass  into  their  prauulai  content.:?,  and 
PerwEwi  BifcBdi  that  tlie  laclcala  lijcnr  a  dcHnitc  relation  to 

them,  scera  to  indicate  tJiat  they  are  rather  portions  of  the  absorbent 
mechanism. 

5th.  Tlie  bUe.  Of  this  it  is  not  now  necessary  to  give  a  detailed 
description,  since  tliat  will  occur  more  appTopriatcly  in  treat- 
iiig  of  the  functions  of  the  liver.  For  the  present  purpose,  it 
is  sufficient  to  state  that  bile  is  a  greenish-yellow  liquid,  of  bitter  taste 
and  alkaline  reaction.  It  is  soluble  in  water,  changes  with  rapidity 
under  the  influence  of  the  air,  or  even  spontaneously.  Its  .six-citic  grav- 
ity is  about  L02S,  An  ultimate  analysis  of  its  organic  material  shows 
C,^,  Hgg,  Ojj,  Nj,  with  sulphur.  Its  a.spect  is  therefore  that  of  a  hydro- 
carbon, and  it  stands  in  strong  contrast  with  tlic  nitrogemzed  bodies. 
It  is  a  signiiicant  fact  that,  even  in  the  lower  tribes  of  life,  it  is  uniformly 
discharged  into  the  up|«r  part  of  the  intestine.  Bidder  and  Schmidt 
estimate  the  diurnal  quantity  of  hile  at  54  otmces,  containing  5  per 
cent,  of  solid  matter;  they  also  give  the  following  table  of  the  diurnal 
amounts  of  the  various  digestive  fluids  secreted  by  a  man  of  the  stand- 
ard weight,  140  pounds : 

DtTirnal  Amount  of  DigfiHixe  Sfrrtiiuns, 

Balira .H.fin  11m.,  contuhiiti^  nA'A  inaltfir  I.  per  cent. 

Bile. ;i.30    "  "  *'        "      5- 

Gfwlric  Juic* ]*.06     "  "  "        "      3.        " 

Pnncreftti.  Jaicc  .44     "  "  "         "         .T       " 

Intcatiaol  Juices  .   .       .44     "  "  "        "       I-B      " 

The  bile  does  not  appear  to  exert  any  agency  in  effecting  the  digestion 
of  either  nitrogcnized  or  amylaceous  bodies.     The  period  of  its  ma^- 
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imum  productjonf  wlikli  is  13  or  14  hours  after  a  meal,  does  not  coincide 
with  the  period  of  moat  etiergetic  digestion, 

"With  these  statements  of  the  nature  of  the  various  juices  which  pasp 
inio  the  small  intestine,  we  may  proceed  to  investigate  the  plienomemi 
of  the  digestion  carried  on  in  that  tube. 

In  18^2,  Dr.  Bright,  to  vfhom  nicdiciiie  is  so  much  itidebted  for  hU 
diacovpfies  in  relation  to  the  pathology  of  the  kidney,  pul>-  j;„j^^]g[fj.^n„ 
lished  tlifee  cases  of  disease  of  the  panereaB^  Attended  by  tlie  povrerorjwn- 
apiiearancc  of  a  large  i]uantity  of  fat  in  the  feces,  and  drew  '  "  ■"  J'^'^'^- 
the  inference  that  in  &uc:li  morbid  states  the  fats  are  imperiectly  digested. 
More  recently,  M.  Bernard  has  published  experimental  evidence  to  prove 
that  the  digestion  of  the  lata  conaists  in  bringing  them  into  the  condition 
of  an  cmuL^iion,  and  that  the  pancreatic  juice  acconiplishea  thia  object. 

Whatever  influence  the  pancreatic  and  enteric  juieea  can  exert  on 
starch  and  oil  outside  of  the  body,  iti  artificial  experiments,  they  un- 
doubtedly exert  it  in  the  small  intestine  as  long  as  the  tcnipcratiire  is 
the  same.  On  starch,  the  action,  as  haa  already  been  atateiJ,  is  to  effect 
its  conversion  into  sugfir,  and  theit  into  lactic  afid.  The  oils  are  turned 
into  emulsions.  The  constitutional  relation  between  starch  and  lactic 
acid  is  such,  that  if,  in  presence  of  water,  one  atom  of  the  sniPiJiviaion  of 
former  be  equally  and  aystematically  split  or  divided  into  pun-fi]  iutoi»fr 
two  portions,  those  portions  arc  atoms  of  lactic  acid.  And 
since  this  substance  contains  no  nitrogen,  its  oxidation  eitiier  artificiaUy 
or  in  the  interior  of  the  system  gives  origin  to  carbonic  acid  and  water 
— bodies  which  can  at  once  be  removed  by  the  action  of  tiie  akin,  or  the 
lungs,  or  the  kidneys. 

Respecting  the  digestion  of  tlic  carbohydrates — cellulose,  giinit  starch, 
and  the  different  kinds  of  sugars,  it  may  be  remarked,  that  eel-  D[™g(j„j,  ^r 
lolose,  of  which  the  pith  of  elder  is  an  example,  and  which  the  t^rbohy- 
occurs  in  a  pure  form  in  Swedish  filtering- paper,  not  only  re-  "''"^^' 
sists,  in  artificial  experiments,  the  action  of  the  digestive  juices,  but  also 
it  would  appear  to  do  so  naturally  in  the  higher  tribes,  and  hence  it  is 
abundantly  found  in  the  excrement  of  the  herbivora.  To  this  statement, 
perhapSi  however,  the  case  of  the  beaver  afforils  an  exception,  pjiro-itioiiof 
there  being  reason  to  suppose  that  this  animal  possesses  the  celluloac. 
power  of  digesting  celltilosc. 

There  can  be  no  doubt,  moreover,  that  many  insects  have  the  same 
power,  for  cEiitin,  which  may  be  obtained  from  their  wing-cases,  and  wliicli 
retains  the  appearance  of  the  structure  of  the  part,  may  be  coiiBidered  aa 
cellulose  united  with  a  nitrogenized  body,  having  the  constitution  of  in- 
sect muscular  fibre.  This  substance  not  Oidy  constitutes  the  skeleton 
of  insects,  their  scales,  haira,  and  enters  into  the  construction  of  their 
trachea',  but  even  farms  one  of  the  coats  of  their  intestinal  cajial.     Since 
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it  does  not  appear  that  thej  can  metamorpliose  other  carbohydrates  into 
this  body,  we  may  inler^  as  would  indeed  seem  probable,  consideriug  the 
nalurfi  of  the  food  of  many  of  them,  that  they  can  digest  woody  fibre. 
The  digestive  apparatus  of  man^  however,  can  not  exert  such  a  power. 

Neither  does  it  appear  that  gum  undergoes  eitJier  digestion  or  absorp- 
DigcsiioDof  tion.  In  artificial  experiments  it  also  resists  the  action  of  di- 
Bum.  gestive  fluida,  and  is  not  changed  when  present  during  the 

fermentation  of  other  bodies,  even  though  its  expi::<sure  thereto  be  contin- 
ued for  several  days.  Administered  to  animals,  it  is  almost  entirely 
voided  T^^ith  the  excrement*  Thus  Boussingault,  having  given  to  a  duck 
tifty  grammes  of  gum-arabic,  obtained  forty-aix  grammes  from  the  ex- 
crements in  nine  hours.  In  an  experiinent  upon  an  old  rabbit,  to  which, 
with  a  diet  of  cabbage-leaves,  ten  grammes  of  gum-arabic  were  daily  given 
by  Lebmann,  the  gum  being  administered  in  solution  in  water  by  injec- 
tion into  the  stomach,  no  trace  whatever  of  gum  could  be  detected  in 
the  urine^  none  in  the  cliyle  of  (he  thoracic  duct,  and  none  in  the  blood, 
but  it  was  easily  enough  recognized  in  the  excrement.  From  this  he 
infers  that  the  preparations  of  giim,  which  arc  such  favorite  medicines 
with  BOrae  physicians,  yield  to  tlie  animal  organism  only  an  extremely 
small  quantity  of  material  of  a  nature  to  support  the  respiratory  process, 
:uid  that  their  uses,  if  they  are  of  any  use,  can  be  merely  negative  in 
:Lcutc  diseases. 

Ot'  the  caj-bohydratea,  starch  is  perhaps  the  moat  important,  occurring 
T>l^tianof  as  it  does  in  abimdance  in  vegetable  food.  It  can  not  be  made 
iikTcb.  uge  of  in  the  system  without  first  being  transTnutcd  into  dex- 
trine, sugar,  and  eventually  lactic  acid,  tlicsp  cbangt^s  Ijeing  greatly  ex- 
jiedited  if  it  has  been  previously  prepared  by  boiling  in  water,  or  other 
efjuivalent  ojrerations  of  cooking.  The  saliva  commences  the  action, 
which  in  man  is  even  prolonged  in  the  stonuich,  and  in  ttie  herbivora  still 
more  decisively  in  the  paunch,  in  birds  in  the  crop.  On  gtiining  tlie  stom- 
ach, the  tarther  transmutation  of  the  starch  is  arrested  by  the  ga.'^tric 
juice,  but  after  reaching  the  duodenum  it  ia  resumed  ivith  greater  energy 
than  evcr^  under  the  influence  of  the  pancreatic  juice.  Eeaching  the  ile- 
lun,  the  intestinal  juice  continues  the  action,  though  with  leas  vigor.  In 
this  passage  to  the  large  intestine,  the  starch  is  gradually  assuming  the 
condition  of  dextrine  and  sugar,  the  former  substance  passing  into  the 
latter  with  such  facility  that  it  can  only  be  recognized  transiently. 
Doubtless  the  sugar  thus  arising  is  in  great  part  directly  absorbed,  Ihougli 
^ome,  before  the  ccrcum  is  reached,  is  transmuted  into  lactic  acid,  and  oth- 
er portions,  after  passing  through  the  ileo-coecal  valve,  into  butyric  acid, 

b'rom  what  hafl  been  obact\'cd  respecting  starch,  if  may  be  inferred  hew 
Discstisa  «f  important  sugar  is,  since  through  the  condition  of  sugar  alone 
»'4J*r-  is  starch  available  for  the  uses  of  the  system.     It  is  to  be  rec- 
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ollected,  however,  tJiat  sugar  itaelf  is  .only  an  intermediate  or  transifoi^' 
atage,  through  wfuch  the  ciirboliydrate  is  passing,  a  consideration  wliidi 
explains  the  circuraatanicc  tliat  it  docs  not  occur  even  in  the  portal  blood 
to  such  an  extent  aa  rriight  he  esftected,  nor  jet  in  the  chyle.  Some 
have  been  led  to  infer  troni  theae  facts  tliat  thif!  substance,  like  gum,  ia 
in  reality  only  very  tardily  absorbed,  an  opinion  which  they  suppose  to 
be  strengthened  by  the  circumstance  tliat  glucose  or  any  other  kind  of 
sugar,  introduced  into  the  jugular  vein,  runs  through  the  course  of  the 
circulation,  and  is  Becreted  unch^inged  by  the  kidneys.  But  it  ia  to  be 
reniewbc-red  tliat  portal  blood  i.^  very  different  from  the  proper  systemic 
blood,  and  tliat  there  are  many  changes,  beyond  all  question,  which  can 
take  place  with  rapidity  in  the  Ibmicr,  but  which  do  not  take  place  in  the 
latter. 

Sugar,  whether  it  hag  been  received  as  an  ingredient  of  the  food,  or 
arisen  from  (he  metaraorphosia  of  starch,  is,  as  we  liave  said,  only  n  tem- 
porary form,  which  passes  quickly  onward  to  the  state  of  lactic  acid.  To 
tliia  we  must  impute  the  acid  reaction  which  is  observed  throughout  the 
length  of  the  aniall  intestine,  and  which  can  not  be  attributed  to  the  gas- 
tric Juice,  a  reaction  occurring  in  spite  of  the  alkalinity  of  the  bile  and 
pancreatic  accretion.  This  putthing  of  the  carbohydrate  forward  to  the 
state  of  lactic  acid  is  very  generally  imputed  to  the  intestinal  juice,  which 
greatly  reinforces  the  jwwer  of  the  saliva  and  pancreatic  fluid;  some  have 
eren  supposed  that  the  bile  aids  in  producing  this  etiect.  W  thia,  how- 
ever, there  is  no  satisfactory  proof. 

From  the  experiments  of  Von  Becker,  who  injected  saccliarine  solu- 
tions at  intervals  of  a  quarter  of  an  hoar  into  the  stomach  of  rabbits,  it 
was  found  tliat  4.5  parts  of  sngar  were  absorbed  each  hour  for  every  1000 
parts  Weight  of  the  auLmah  Whatever  may  have  lx;en  the  form  of  sugar 
administered,  as,  for  instance,  cane-sugar,  it  quickly  passes  into  tlie  con- 
dition of  glucose  in  the  ijitestine^  and  from  that  to  lactic  acid.  Thus  sug- 
ar of  milk  may  be  traced  in  an  hour  as  far  aa  the  coecum,  communica- 
ting to  the  contents  of  the  aniall  intestine  an  intense  acid  reaction. 

Since  lactic  acid  discharges  very  important  offices  in.  the  animal  econ- 
omy, it  may  be  worth  while  to  observe  its  properties,  and  production  ar a 
the  circumstances  under  which  it  is  produced.  Veiy  many  proppnieaof 
hquJda  containing  organic  matter  ^-ield  it  abundantly:  thus  it  "'*^  *"  ' 
is  found  in  ^auer  kraut,  a  preparation  of  cabbage.  It  ia,  however,  more 
conveniently  obtained  from  milk,  and  lience  the  term  lactic  acid.  The 
diluted  solution  obtained  from  this  source,  being  concentrated  by  evap- 
oration, fiimishea  a  simpy  liquid,  heavier  than  water,  liaving  an  intense- 
ly sour  taste,  a  great  affinity  for  water,  and  therefore,  attracting  it  from 
the  air,  and  diaaoK-ing  freely  in  it.  With  metallic  oxides  it  forms  solu- 
ble salts,  and  in  the  concentrated  sirupy  state  has  the  remarkable  con- 
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stiinlion  that  it  contains  six  atoms  of  eacli  of  ita  eleinenta,  carbon,  hy- 
drogen, and  oxygen. 

T!ie  production  of  this  acid  in  organic  substances  is  very  common. 
It  depends  on  the  same  principle  as  presented  in  duodenal  digestion, 
which  it  therefore  very  strikingly  illustratea-  As  an  example  deserving 
of  attentive  consideration*  its  developmenit  in  milk  may  be  offered. 

When  milk  is  exposed  to  tiie  air  it  eventually  turns  sour,  tlie  sour- 
ness being  due  to  the  appearance  of  lactic  acid.  In  its  sweet  state,  the 
milk  may  be  regarded  as  consisting  of  casein,  or  the  curdy  principle,  a 
fluhatance  belonging  to  the  protein  group,  insoUiLie  in  pure  water,  but 
abunda]itly  soluble  if  a  little  free  or  carbonated  alkali  be  present ;  of  milk 
Bugar,  dissolved,  and  of  butter  held  in  suspension  in  water,  TJie  ac- 
I'  (3  ion  f  ^^'"^  taking  plat'c  during  the  Bouving  is  as  follows:  Under 
lactic;  ai-id  thc  influence  of  atmospheric  osygci^  which  far  this  purpose 
remiB  .  niuBt  have  access,  the  nitrogenized  principle,  the  casein,  be- 
gins to  change,  and^  for  reasons  presently  to  be  more  particularly  exaui- 
inetl,  impresses  a  cliangc  on  the  sugar,  splitting  ita  atom  so  as  to  give 
riec  to  thc  production  of  lactic  acid.  As  this  t'orms,  it  renders  thc  casein 
insoluble,  and  the  milk  begins  to  coagulate,  to  prevent  which  a  little  car- 
bonate of  soda  may  from  time  to  time  be  added.  All  Jhe  sugar  origin- 
ally present  in  the  milk  is  soon  acidiHed,  but  a  nmch  stronger  soluiion 
can  be  made  by  adding  more  railk  augat  as  the  process  of  exhaustion 
goes  on,  and  the  change  can  be  thus  kept  up  until  thc  casein  itself  is 
quite  consumed. 

On  examining  this  process  critically,  we  obser^'e  that  every  thing  de- 
pends on  the  change  occurring  in  the  nitrogenized  principle,  the  casein. 
Tbia,  under  the  circumstances,  takes  on  an  incipient  oxidation,  and  com- 
pels  the  augar  atom  bo  to  dinde  as  to  give  rise  to  the  production  of  lac- 
tic acid.  This  ceases  the  moment  the  casein  ceases  to  diange,  and  re- 
commences the  moment  the  casein  is  permitEed  to  reoxidize.  Tlie  de- 
Btruetion  taking  place  in  the  casein  is  propagated  to  tlie  sugar,  the 
physical  peculiarity  Ijteing  that  the  atom  of  sugar  ia  merely  divided,  fis- 
sured, or  split,  and  gives  rise  to  ihe  production  of  lactic  acid,  and  no 
other  substance.  The  whole  process  is  therefore  essentially  one  of  aulj- 
division^  a  conclusion  which  should  be  carefully  borne  in  mind  tn  apply- 
ing these  ex{>erimental  principles  to  thc  physiological  function  of  diges- 
tion.    So  far  ag  the  result  is  concerned,  the  two  cases  are  the  same. 

Many  other  organic  liquids  furnish  siinilar  illustrations.  Tims,  in 
Prod  I*  of  ^'"^  operation  of  making  starch  for  commercial  purposes,  con- 
lactic  arui  siderable  quantities  of  that  substance  are  turned  into  lactic 
frgm  surch,  ^^j^^  constituting  what  the  manufacturers  term  w>wr  ^"yf-w. 
Nor  is  it  even  requisite  that  so  much  water  should  be  present  as  to  give 
the  liquid  condition  j  for  if  wheal  flour  be  made  into  a  paste,  and  kept  for 
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30tne  days  in  a  warm  place,  its  gluten  induces  such  a  change  that  the 
starch  turns  into  lactic  add,  and  the  paste  lM?conies  sour. 

Of  lactic  acid  there  are  tivo  kinds;  that  derived,  as  hereafter  stated, 
from  muscle  juice,  is  the  alpha  lactic  acid^  and  that  from  the  Aiphmndbeti 
fermentation  of  sugar  the  beta  lactic  acid.  As  it  occurs  in  inciicauiJ, 
the  gaatric  juice,  associated  with  or  replacing  hydrochloric  acid,  it  is  of 
the  beta  variety.  Whatever  may  have  been  the  source  of  this  portion 
of  it,  whether  it  has  heen  derived  by  gastric  secretion  or  through  the 
titinsmutation  of  amylacfous  food  by  the  saliva,  its  abundant  occurrence 
in  the  contents  of  both  the  small  and  large  intestine?,  in  which  it  is  rec- 
ogDtzed  by  the  peculiarities  of  i^s  zinc  .and  magnpsia  salts,  confirm  the 
conclusion  tliat  in  this  case,  at  least,  the  beta  form  ariae»  from  the  opera" 
lion  of  the  digestive  juices. 

Lactic  acid  undergoes  rapid  absorption  througli  tlie  intestine,  and  is 
as  rapidly  disposed  of  in  the  system.  Thus  ijehmann  found,  after  tak- 
ing half  an  ounce  of  dry  lactate  of  soda,  tiiat  in  thirteen  minutes  his 
urine  bad  becoDje  alkidine.  On  injecting  the  sajnc  salt  into  the  jugular 
vein,  it  appeared  in  from  five  to  twelve  minutes  aa  carbonate  of  soda  in 
the  urine. 

Berzclius  first  discovered  the  existence  of  lactic  acid  in  the  juice  of  the 
muscles,  Liebig  showed  tliat^  in  quantity,  there  ia  more  pntdQciioa  rf 
present  in  this  source  than  ia  sufficient  to  neutralize  the  alkidi  !ai:tit!  aciii  by 
uf  all  the  other  liquids  or  juices  of  the  body.  Muscle  lac- 
tic acid  is  removed  away  with  rapidity  by  the  lymphatics.  Berzelius 
concluded  that  its  quantity  luercuscs  in  projiortion  to  tlic  exercise  the 
muscle  Iiaa  undergone ;  and  this  would  lead  to  the  inference  that  It  is 
one  of  the  chief  products  of  muscular  waste  ;  for  it  is  not  to  be  supposed 
that  its  appearance  in  musde  juice  ia  liecause  those  organs  atlract  it 
from  the  bloody  in  which  it  pre-exists,  derived,  perhaps,  from  the  trans- 
formation of  amylaceous  substances  in  the  intestine,  for  the  muficlcs.  of  the 
camivora  yiehl  as  much  of  it  as  those  of  the  horbivora  ;  and  though  it  can 
not  be  artificially  made  directly  from  albuminous  material,  yet  it  would 
Bccm  that,  with  urea  and  ammonia,  it  might  arise  from  tlic  breaking  up 
of  creatine.  From  glycerine  lactic  acid  may  be  also  developed.  When- 
ever an  excess  of  it  is  produced  in  the  system,  either  by  muscular  action, 
unusual  diet,  or  imperfect  oxidation  in  the  blood,  it  may  be  detected  in 
the  urine.  Under  ordinary  circumstances,  doubtless,  very  large  quanti- 
ties of  it  arc  destroyed  in  the  circulation,  giving  rise  to  the  production  of 
carbonic  acid  and  water  witJi  a  disengagement  of  heat. 

We  can  not  here  fail  to  remark  how  the  process  of  comminuting  the 
food  is  carried  forward  to  such  an  extent  that  the  absorbent  These  <^igl!8^ 
vessels  arc  able  to  take  it  up.  The  action  first  begins,  a3  has  ^  Svb^' 
been  shown  in  detail,  by  cutting  and  cru^ihing  implements,   ion*- 
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the  teetli,  anUi  when  these  have  carried  the  suhdivision  as  far  aa  meclianical 
means  can,  it  is  continued  by  chemical  agents.  Upon  these  principles, 
the  pancreatic  juice  di^'ides  starch  into  lactic  acid  in  duodenal  digestion^ 
a  product  wKicbn  without  difficulty,  finds  its  way  at  once  into  the  system. 

Besides  starch  and  sugar,  there  is  another  group  of  bodies  belonging 
DieeBiioa  of  to  the  class  of  caloriiacient  food,  wHch,  in  the  case  of  camiv- 
'■'-  orons  animals,  seems  to  he  esclueively  employed.     The  fats 

and  oils  constitute  this  group. 

The  action  of  the  pancreatic  and  enteric  juices  upon  these  bodies^  in 
bringing  tiiera  into  the  condition  of  an  emulsion,  has  already  been  stated. 
That  this  occurs  in  the  intestine  appears  from  the  fact  that  ii'  the  pan- 
creatic duct  be  tied,  no  emulHton  forma,  and  the  chyle  in  the  lactcals 
is  limpid  instead  of  heing  milky.  In  the  rabbit  tiiis  duct  opens  much 
lower  in  tlie  intestine  than  the  biliary,  and  it  is  observed  that  it  is  only 
after  the  food  has  passed  that  point  that  it  becomes  emulaioned-  The 
place  for  pancreatic  digestion  seems  to  he  verj'  constant  in  tribes  that  are 
far  apart  in  habits  of  life.  Thiia,  in  tiahca,  the  pancreas  consists  of  a  cor- 
onet of  ccccal  tubes,  surrounding  the  pyloric  extremity  of  the  intestine, 
each  opening  into  that  organ  by  a  separate  mouth. 

The  fats  reach  the  dtiodemmi  without  imdcrgoing  any  change.  There, 
under  the  influence  of  the  pancreatic  juice,  they  Income  subdivided  into 
extremely  minute  portiona,  whicli,  absorbed  by  tlie  lacteals,  give  to  the 
diyle  its  characteristic  aspect.  Beyond  this  condition  of  subdivision 
no  other  change  is  thu3  far  impressed,  the  fat  of  the  lacteals  being  abao- 
lutely  the  same  as  tliat  of  the  cliyrae.  To  the  introduction  of  fat  into 
the  lactKilft,  the  presence  of  bile  seems  to  l)e  necessary,  or,  if  not  absolute- 
ly necessary,  absorption  is  greatly  facilitated  by  it. 

The  gastric  and  pancreatic  juices  stand  in  a  remarkable  relation  to  one 
ifcrnanra  doc-  ^"<'*^"^'''  ^hc  formcr  being  an  acid  liquid,  liavi]ig  the  power 
trine  of  tho  ef-  of  bringing  into  a  state  of  solution  nitrogcniaed  bodies,  sucli 
^d  aikniliiLiv  ^^  fibrin ;  the  latter  alkaline,  without  action  on  nitrogenized 
in  the  diffcst'  bodies,  but  operating  enei^ctically  on  starch,  sugar,  and  oils. 
From  this  it  might  be  supposed  that  the  intrinsic  qualities  of 
these  juices  arc  different,  and  that  they  act  in  this  manner  because  of  a 
special  dissimilarity  of  constitution. 

Attempts  have  been  made  to  prove  that  this  difference  of  action  do- 
pends  wholly  on  the  chemical  relations  of  the  juice  itself.  If  pancreatic 
juice  or  saliva  be  purposely  acidulated  with  liydrocliloric  acid,  it  13  said 
that  it  loses  at  once  the  power  of  acting  on  calorifaeient  food,  but  can 
bring  about  the  solution  of  tJie  bistogenetic-  On  the  other  hand,  if  gas- 
tric juice  be  rendered  alkaline  by  admixture  with  soda,  it  no  longer  dis- 
solves fibrin  or  coagulated  albumen,  but  gains  the  power  of  acting  on 
starch  and  sugar.     Since,  then,  it  thus  appears  that  the  same  organic  body 
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becomea  endowed  vvith  one  or  other  of  these  properties,  according  as  it  is 

acidulated  or  alkalinizcU,  the  tUnctioti  of  digestion  is  presented  to  us  un- 
der a  Biniple  aspect.  It  ia  upon  these  principles  that  we  may  explain 
the  fact  that  the  presence  of  bile  in  the  stomach  suspends  or  ftrrcsta  the 
digestion  going  on  in  that  organ. 

Though  the  views  ]icre  expressed  are  such  as  arc  received  among-  many 
chemists,  yet  it  is  still  open  for  consideration  whether  the  xh-?  tiature  or 
nature  of  the  result  whicli  is  reached  in  these  caaea  does  not»  ^^^  t""g^'«  '"- 

-  ,  .       EruJierit  wore 

to  a  great  extent,  depend  upon  tJie  nature  oi  tlie  organic  iinfM>rtantthiin 
cluinging  body,  the  ferment,  wiiicU  first  ael3  up  the  action.  *^^  Kacuou, 
Alajjy  circnmstanoea  woiUd  lead  ua  to  infer  that  this  muRt  Le  the  caee, 
ajid  that,  as  with  difterenccs  of  temperature,  so  also  witli  these  differences, 
the  linal  result  may  present  distinct  variations,  though  they  may  he  with- 
in a  certain  range  or  limit.  Thn3,tiiough  the  saliva  and  pancreatic  juice 
are  both  alkaline,  and  holli  impress  in  a  general  way  the  same  digestive 
change  on  stajch  and  sugar,  a  minute  examination  of  the  residts  of  their 
action  would  doubtless  lead  to  the  detection  of  Bhades  of  different — va- 
riations which  could  only  be  attributed  to  the  difference  between  the  act- 
ive organic  principle  of  the  pancreatic  Juice,  and  ptyaline,  the  correspond- 
ing principle  of  the  saliva. 

The  imputed  control  which  the  alkalinity  or  acidity  of  the  digesting 
jiucea  exerts  in  determining  tlie  result,  illustrntcs  the  import-  j:[^.,„|j^„g  „f 
ant  function  disciiarged  by  common  salt,  which  funiishea  to  eorattioiisaltlTi 
the  juices  of  the  stomach  and  intestine  the  characteristic  in-  ^■"'^"- 
gredients  they  recjuire  by  breaking  np  readily  into  hydrochloric  acid  and 
soda,  and  re-forming  at  once  whenever  these  materials  are  brouglit  in 
contact.  There  ia,  therefore,  an  important  reason  for  the  iuRtinct  which 
animals  display  in  resorting  to  tlie  use  of  this  substance,  as  in  the  buffa- 
lo licks  at  the  West,  and  the  necessity  which  men  experience  to  add  it 
03  a  condiment  to  their  food.  But  though,  by  furnishing  an  acid  or  al- 
kali, as  the  case  may  be,  it  deterraijies  the  nature  of  the  work  which  the 
.secreting  juices  perform^  it  ia  not  to  be  regarded  as  the  prime  mover  of 
the  change.  It  guides  rather  than  works.  The  efficient  principle  bring- 
ijjg  about  digestion  appears  always  to  be  a  nttrof^enizcd  body,  acidulated, 
perhaps,  for  the  production  of  one  duty,  and  rendered  alkaline  for  the  pro- 
duction of  MTiother^ 

Directing  our  attention  now  more  particiJarly  to  the  phenomena  dis- 
played by  such  a  clianging  nitrogenized  principle,  the  following  illustra- 
tions will  serve  to  show  that  there  is  nothing  mysiterious  in  its  operation. 
Out  of  many  cases  which  might  be  selected,  those  now  to  be  offered  are 
more  particularly  interesting,  since  they  refer  to  substances  extensively 
Oficd  in  the  diet  of  man. 
^h.  First,  of  wine.     A  gtajjc,  If  perfectly  sound,  will  keep  for  a  constder- 
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IDnstraUon  *^^^  length  of  time  without  undergoing  nny  change  ;  but  if 
tna  the  mnk-  a  puncture  be  made  in  it  to  give  the  air  access,  it  rapidly  de^ 
"^  "  ^  ne.  teriotates.  The  precise  cSiangc  taking  place  is  perhaps  bet- 
ter nnderatood  \sy  observations  on  the  expressed  juice  of  this  jrnit.  If 
grapes  be  pressed  beneath  the  siirt'ace  of  quicksilver,  and  the  juice  be  col- 
lected in  an  inverted  jar,  without  ever  coming  in  contact  with  the  atmos- 
pheric air,  it  may  be  kept  for  a  long  time  without  any  apparent  change ; 
but  if  a  email  quantity  of  air,  or  only  a  single  bubble  of  oxygen  is  per- 
mitted to  ejiter  the  jar,  and  the  temperatiire  is  that  of  a  aummer's  day,  an 
intestine  coniTnotion  or  fermentation  at  once  ensues,  carbonic  acid  escapes, 
alcohol  arises  in  the  liquid,  and  the  sugar  which  was  in  ibe  grape-juice 
disappears.  But  the  quantity  of  sugar  thus  capable  of  being  destroyed 
is  limited,  and  a  point  is  eventually  reached  at  which,  no  more  sugar  can 
be  decomposed^  and  no  more  carbonic  acid  set  free* 

The  juice  of  the  grajx;  contains  a  iiitrogenizcd  piinciple  resembling  al- 
bumen. It  h  tbia  ivbiph  is  in  reality  the  active  body.  So  Umg  a^  ox- 
ygen ia  excluded,  this  nitrogenized  subptance  remains  unalteretl,  but  the 
moment  the  air  finds  access,  a  cliange  begins.  The  sugar  which  is  pres- 
ent in  the  juice  becomes  involved  in  the  movcnicnt  going  on,  which  ia 
propagated  by  degreea  to  all  its  atoms,  dividing  each  into  two  well-knowii 
and  well-marked  bodies.  The  period  at  whieh  no  fartlicr  change  takes 
place  in  portions  of  sugar  which  may  haxo  been  pur^josely  added  is 
when  tiie  nitrogenized  prmciple  has  tiiaappearcd. 

Carbonic  acid  and  alcoliol  are  the  two  substances  arising  iu  this  de- 
composition. Their  mode  of  origin  is  obvious  when  it  is  understood 
that  one  atom  of  sugar  can  le  so  divided  as  to  yield  four  of  carl.K)nic  acid 
and  two  of  alcohol.  In  this  artiiicial  instance,  the  sulxlivision  is  even 
more  complex  than  that  whiLih  occurs  in  duotlemd  digestion,  in  which  the 
sugar  atom  ia  subdivided  into  two  ei]ual  and  symmetrical  parts,  two 
atoms  of  lactic  acid.  In  the  following  formulas,  (1)  represents  the  case 
of  vinous  production,  {2)  that  of  duodenal  digestion: 

(1) C„n,,0„-4(CO)  +  2(C,II,0^. 

(2) C,H,0,=2(C,n,0,). 

Second,  of  bread.  If,  in  the  preceding  case,  a  transmuting  nitrogen- 
,,,  ,  ..  izcd  liody  breaks  the  su^ar  atom  so  that  alcohol  is  one  of  the 
fnim  innJiing  prodncts,  and  upon  this  principle  all  wines  and  intoxicating 
**  '^'^  '  liquors  are  made,  the  instance  now  presented  is  of  far  more 
interest  to  the  wcU-ljcing  of  man.  The  use  of  wine  undoubtedly  adds 
not  only  to  social  enjoyment,  but  sometimes  conduces  to  health — a  ben- 
efit, alas !  often  attended  with  a  tliouaand  ills.  Not  so  with  bread,  em- 
phatically and  truly  dcsci-ibed  as  the  staff  of  life. 

The  making  of  wine  and  of  leavened  bread  are  two  of  the  oldest  chem- 
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ievl  piocesaea>  Tbeir  ovigin  is  last  in  m  mnotv  antignitr-^  and  wg  nni- 
Teraally  are  thai  bcsefiu  ackuowledgEd  ihrnl  their  u^  is  didiised  all  orcx 
the  world. 

ExpericDce  pro^'es  that  the  best  brtad  is  made  &om  fine  wfaeal^n  floor, 
DiLicd  into  a  pa^?ie  with  a  dT:e  proportion  of  wwier,  A  «Tt«n  quantity 
oT  a  nitr^gmized  snlstaDce  onkr^ioiii^  incqHent  oxtdalkn,  tenned  ymst, 
is  added,  and  the  ^olo  Knlmirted  to  a  gentle  teropentme.  AU  door 
oonlaina  a  small  qiunlitv  of  Fugar ;  on  this  iho  jeaat  iramediateiy  acts, 
dividing  it,  u  in  the  fonncr  casei  into  carbonic  acid  and  aJcohoL  If 
enongfa  sngar  is  not  present,  more  under  tii«-  cin-um^tances  is  fonucd  frcnn 
ftar^  The  add  gas,  as  it  is  set  free-,  can  not  extricate  itself  i&Dm  the 
suTTOonding  dough,  Imt  expands  into  a  thousand  little  Te^des  or  bub- 
Wes.  which  gi-re  that  peculiar  porositv  for  which  this  kind  of  bread  is  so 
hig^hlv  prized.  At  this  perJo'l,  before  baking',  the  other  .substance  which 
hoi  an&oii  froro  the  destruction  of  the  sug«r — the  alcohol — is  contained 
in  the  dou^h,  and  is  expelled  therpfrom  alon?;  with  tlie  excess  of  water 
by  tbe  high  temperature  of  tlie  oveti,  which  aJso^  by  inerea:9ing  the  expan- 
sion of  the  included  gas,  adds  to  the  porosity  of  the  bread.  In  »omc 
baking  establishments  airanfjenicnts  have  oeeasionallv  been  made  to  con- 
dense the  alcohol  as  it  ristsi  irom  the  bread.  The  good  and,  evil  of  lilc 
are  often  closely  inlermixed.  The  adroeafe  of  total  abstinence  from  al- 
cohol may  with  reason  look  upon  half-baked  bread  diatnistfully.  The 
enemy  is  lying'  in  ambush  for  htm. 

On  some  occasions,  instead  of  using;  veast,  a  p\ecc  of  leaven,  that  is, 
dough  in  a  state  of  incipient  putrefaction,  is  en5|sloycd.  The  mode  of 
action  is,  however,  ihe  aamc.  The  use  of  thiJ  material  well  illuslralcjs 
the  progressive  nature  of  these  changes,  and  how  the  action  gradually 
passes  from  point  to  point  of  the  entire  mass.  It  is  written*  "  A  little 
leaven  ieaveneth  the  whole  lump." 

In  the  cases  here  presented  the  action  is  one  of  subdivision.  A  com- 
plex atom  has  its  consTitntion  broken  up»  and  is  separated  Tbe*e  aciions, 
into  distinct  parts.  When  such  a  chanffe  is  once  commenced  l^V  T^'^^L  ^' 
in  a  mass,  there  h  a  hability  for  the  whole  to  become  in-  nul).lJvi^illll». 
volved,  just  as,  when  we  ignite  one  [toiiit  in  a  pile  of  com buatil ilea,  the 
fire  spreads  throughout ;  or  as,  wheti  on  one  part  of  a  piece  of  tVesh  toent 
a  small  portion  in  a  piitreacent  state  is  laid,  the  corruption,  with  nieasurcil 
rapidity,  proceeds  from  part  to  part,  until  the.  whole  is  decayed  Uiic 
after  another,  the  particles  submit  in  suceeaflioTi. 

Over  all  these  subdividing  actions  boat  cjcerts  the  most  extraordinmy 
inflnencei  so  that  for  a  given  effect  to  be  produced  it  is  abso-  iniiiii-rniii  of 
lulely  ncceasaiy  that  a  given  tcmppr.i.ture  should  Ixs  main-  J,'|",'ii'vHiiiit''"' 
tained.     TIius,  if  we  take  the  sacclmritje  juice  of  almost  any  nt-iionn. 
kind  of  fruit,  and  cau.9c  it  to  be  acted  on  by  a  changing  nilrogeniiicd  botly. 
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it  will  yield,  aB  just  stated,  alcohol  and  carbonic  acid  so  long  as  the  tern- 
peratUTC  ranges  about  75° ;  but,  every  thing  remaining  the  aamc,  il 
the  temperature  Le  raised  to  100'^  or  120'°,  neither  alcoliol  nor  carbonir 
acid  is  tbnned,  but  in  their  Btead  other  products  arise,  such  qs  lactic  acid, 
gum,  and  manna.  Though,  therefore,  decomposition  will  go  on  through- 
out all  this  range  of  temperature,  the  producta  will  vary  very  much,  al- 
cohol being  formed  at  a  low,  and  lactic  acid  at  a  high  degree. 

Again,  the  decomposition  of  milk  furnishea  a  very  instructive  instance. 
When  the  temperature  ranges  from  50=^  to  lb°,  the  liquid  tTirna  aomr, 
owing  to  the  formation  of  lactic  acid  ;  but  if  the  tcmpeTattire  is  over  90°, 
the  producta  are  diftcreut,  for  now  a  true  Ainoim  fermentation  seta  in,  al- 
cohol and  carbonic  acid  appearing.  It  is  on  this  principle  tliat  the  Tar- 
tars make  an  intoxicating  liquid  from  mare's  milk.  The  fermentation  of 
milk,  therefore,  yields  lactic  acid  at  a  low,  and  alcohol  at  a  high  degree. 

On  eom|)aring  theae  illustrations,  the  results  stand  in  direct  contrast, 
but  both  sboiv  the  great  influence  wliich  a  specific  degree  of  heat  exer- 
cises over  such  subdivisions ;  and,  aa  a  consequence  of  this  principle, 
which  obtauis  equally  in  the  physiological  case,  we  recognize  the  neces- 
sity of  maintaining  the  cavity  of  the  atomach  and  intestine  uniformly 
at  a  temperature  which  ia  fixed,  otherwise  there  would  cea^e  to  be  any 
uniformity  in  the  subiUviaion  of  the  food,  occasioned  by  the  digestion 
there  going  on.  These  principles,  moreover,  lead  to  the  explanation  of 
the  action  of  bucIi  stimulating  substances  as  alcoholic  liquids,  pepper, 
etc.*  wliicli  at  once  determine  a  local  elevation  of  temj>eTature ;  they  also 
explain  the  injurious  effects  which  may  ensue  from  intemperate  draughts 
of  ice-cold  water. 

A  nitrogeniaed  subBtance,  in  a  state  of  change,  can  thus  bring  about  a 
definite  action  on  fibrin,  coagulated  albmncn,  or  casein  in  the  stomach, 
or  on  starch  in  the  intestine,  so  long  as  a  temperature  of  100°  ia  main- 
Lm8  of  power  taiucd,  but  in  every  known  instance  this  transmuting  power 
rhil'TtwnMr^  ^^  totally  destroyed  by  exposure  to  a  very  low  or  very  high 
atuw.  degree  of  heat     Large  masses  of  animal  matter — whole  car- 

casses— may  be  presen'cd  for  many  centuries  unchanged  if  the  tcmpera- 
tUK  is  kept  down  to  32°,  A  striking  example  of  thia  occurs  in  the  case 
of  the  extinct  elephants  which  arc  occasionally  thrown  on  the  shores  of 
the  Polar  Sea  from  iceberg?,  in  which  they  have  been  entombed  for 
many  thousand  years,  their  flesh  remaining  in  a  perfectly  fresii  and  un- 
Jecayed  state.  And  as  respects  a  higli  temperature,  an  exposure  to  212° 
totally  destroys  the  power.  On  this  principle,  all  kinds  of  meat  or  veg- 
etable atibstances  may  be  indefinitely  preserved.  If  such  arc  inclosed  in 
metallic  canisters,  so  as  totally  to  exclude  the  atmospheric  air,  and  ex- 
posed to  a  bath  of  boiling  water,  they  may  then  he  carried  around  the 
world  without  undergoing  tuiy  change. 
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One  of  these  illustrative  cases  fltill  remains.  It  belongs  to  tlie  clasR 
of  changes  now  under  conaideratton,  and  deserves  a  prominent  examina- 
tion from  it3  connection  with  duodenal  digestion^  It  ia  the  production 
of  fatty  bod  iea  from  starch  and  sugar. 

Physiological  considerationa  assure  us  that  there  are  circunistancefi 
under  which  oils  and  fata  can  be  formed  from  starch  and  pr^jjiicMoj,  ^r 
sugar  in  the  system,  i^jiimals  can  be  fattened  by  ieediug  fuis  from  cat = 
on  potatoes,  or  other  auch  food,  in  which  the  quantity  of  oil  J  ™  »■ 
is  quite  insignificant.  Bees  can  make  wax,  which  strictly  belongs  to  the 
group  of  fats,  though  they  are  fed  on  pure  wliitc  sugar. 

Such  results  can  be  artiiieially  imitated.  If  a  strong  solution  of  sugar 
be  mixed  with  a  email  quantity  of  casein  and  powdered  chalk,  and  ex- 
posed to  a  temperature  of  more  than  80°,  carl>ouic  acid  and  hydrogen  arc 
evolved,  and  butyric  acid  forms  as  tlie  butyrate  of  lime.  This  acid  sub- 
stance is  a  colorless  oily  liquid,  having  the  odor  of  rMLcid  butter,  in 
which  indeed  it  exists. 

From  a  review  of  all  the  preceding  facts,  we  may  conclude  tliat  a  nitro- 
genized  substance  secreted  by  the  follicles  of  the  stomach,  Ooiierastor 
and  undergoiaig  incipient  oxidation,  acidulated  with  hydro-  fe^'c  "nl  d^ccir 
cidortc  acid  obtained  by  the  decomposition  of  common  salt,  tiun. 
or  with  lactic  acid  produced  by  a  contintialion  of  salivary  digestion,  haw 
the  jTOwer  of  dissolving  coagulated  albumen,  and  generally  those  articles 
of  food  which  belong  to  tlie  nitrogeiiized  class ;  t]iat  this  goes  on  in 
the  stomach,  it  being  the  function  of  that  organ  to  etfeet  the  digestion  of 
this  kind  of  food,  and  tJicreby  contribute  to  the  general  nutrition  of  the 
system.  The  muscular  tissues  are  supplied  from  this  source,  and  by  the 
Ettoniaeh  their  waste  is  repaired. 

Another  and  distinct  digestion  takes  place  in  the  intestine,  comnienc- 
iug  immediately  after  the  food  gains  tiie  duodenum.  It  too  is  brought 
about  by  the  action  of  a  special  liquid,  a  mixture  of  the  pancreatic  and 
intestinal  Juices.  The  chenileal  reaction  of  this  juice  is  alkaline  ;  in  this 
res[>eet  it  is  therefore  antagonistic  to  the  gastric  juice,  Tliis  quiility  is 
due  to  the  aoda  it  contains,  a  substance  derived  co-ordinately  with  hy- 
drochloric acid  from  the  decomposition  of  common  ^alt.  The  digestion 
of  starchy  and  saccharine  bodies  is  thus  effected  by  dividing  them  ao  as 
to  produce  lactic  acid. 

This  done,  comnio]!  salt  is  reproduced  by  the  commingling  of  the  gas- 
tric, biliary,  and  pancreatic  products  togetber.  The  salt  is  carried  by  the 
absorbents  into  the  interior  of  the  syetem,  to  be  again  decomposed. 

Moreover,  the  pancreatic  and  enteric  juices  reduce  the  oleaginous  and 
fatty  bodies  to  the  condition  of  nn  emulsion,  or,  if  they  be  not  present 
in  the  food,  give  origin  to  them  in  the  way  just  described. 

The  reaction  of  the  intestinal  contenla  not  only  differs  in  different  jwr- 
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9ijc«wive        tions  of  the  tube,  but  in  the  same  r^on,  in  different  p:^ts 

iranaU^TlirouKh  '^*"  ^^'"^  "Hass,  its  exterior  may  be  flikalinc,  its  interior  acid*  or 
tho  iDifstinc.  the  coTiverse.  The  acidity  which  haa  l»een  imparted  by  the 
gastric  juice  .seems  generally  to  have  disappeared  sotnc  time  before  tlie 
iarge  intestine  is  reached.  In  this  an  alkaliJit?  reaction  is  obsen-ej.  The 
causes  of  tliia  prolonged  acidity  are  very  various.  In  part  it  de[)cnda  on 
the  nature  of  the  food,  in  part  upon  tlie  gastric  juice,  as  has  just  been 
stated,  and  in  part  upon  the  production  of  lactic,  butyric,  and  other  acidfl. 
The  resinous  ingredients  of  tlie  bile  may  Ije  detected  as  far  as  tlip  lower 
extremity  of  tiie  ileum.  Ghicose,  originating  in  the  action  of  t3ie  pancre- 
atic and  intestinal  juices  on  starchy  inay  be  recognized  tlirougbout  the 
whole  length  of  the  canid,  but  that  which  has  lieeii  introdiieed  in  the 
food  seems  to  be  absorljed  in  the  stoniacli  itwrlf;  thus,  in  milk-fed  ani-^^ 
mals,  Bugar  docs  not  appear  to  descend  beyond  tlie  jejunum.  The  trang^H 
mutation  and  reabsorption  of  biliary  matter  commences  in  the  small  in- 
testine and  procecda  continuously,  so  that  by  the  time  the  middle  of  tliat 
portion  of  tlie  tube  is  reaebed,  lialf  the  bile  is  gone.  | 

Since  the  inte-^tinal  absorbents  can  only  take  np  a  definite  projKirtion 
of  fat,  it  might  be  ex|MH!tcd,  as  ia  really  the  easp,  that  after  an  unusually 
fatly  diet,  fat  substances  will  be  found  in  tbe  excrement  Indeed^  a  cer- 
tain small  proportion  always  so  occurs. 

Of  the  3ult  subRtancea  usually  occurring  in  the  food,  most  disappear 
Salu  of  ihe  in-  during  their  jwsaage  through  the  intestine,  and  hence  but  lit- 
lestinp.  tic  is  found  in  the  fjeccs ;  more-  particularly  is  this  the  ci 

with  those  of  a  very  Boluble  kind.     Of  the  aulpliatca  and  chlorides  oi' 
food,  not  even  a  trace  may  occur  in  the  esctement.     If  these  substance 
should  not  be  required  for  the  uses  of  the  system^  they  are  proniptlj'-  re- 
moved by  the  kidney?,  and  in  the  game  maimer  are  disposed  of  any  ab- 
normal salt  substances  which  may  have  been  purposely  administered,  aa, 
for  instance,  iodide  of  potassium. 

The  gaspona  contents  of  the  intestine  originate  in  part  from  the  air 
Oases  of  the  that  lias  been  introduced  daring  the  mastication  of  the  food,  in 
inieatiae.  pj^j.^  from  fermentative  processes  occurring  after  ccTt.nin  nrticlea 
have  been  used  which  are  only  imperfectly  digested,  and  in  part  from  tho 
endosmosis  of  gas  from  the  blood  through  the  walla  of  tlie  intestinal  cap- 
illaries. As  compared  with  atmospheric  aii-,  though  the  composition 
must  necessarily  be  very  various,  the  intestinal  gas  shows  a  great  excess 
of  carlwnic  acid  and  nitrogen,  a  diminution  and  sometimes  even  a  total 
absence  of  oxygen,  tlie  presence  oi'  jjure  hydrogen,  and  of  its  carburets 
and  sidphurets.  The  quantity  of  this  latter  gas  is  Icsa  than  naight  be 
expected  firoin  its  odor,  and.  as  would  be  antici]iated  from  the  cirvum- 
stanccs,  the  accumulation  of  gaa  is  much  more  abundant  in  the  large  tlian 
hi  the  small  intestine. 
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Schmidt  shows  that  the  intermediate  cirailation  of  water  toward  tlie 
intestine  is  far  more  considerable  than  its  iinal  excretion,  and  Water fuTniili- 
atnoimts  in  one  ttaj  to  nearly  one  fourtii  of  the  whole  quan-  ^^^" '  "^  '"'**' 
tity  of  water  in  the  body. 

As  the  digested  maps  passes  onward,  driven  by  the  peristaltic  motions 
l!irou|^h  the  convolntiona  of  the  intestine,  It  hecomes  of  a  Complr^sclii*!!- 
Tiiorc  solid  consigtency,  aa  the  absorbents  gradually  remove  f^fgij "'ai 'coJI!" 
its  liquid  portions.  By  the  time  it  has  readied  the  ca'cum,  tetim. 
the  same  effect  which  arose  in  the  stomach  from  salivaiy  digestion  ia 
repeated,  for  the  traces  of  unabsorbed  lactie  acid  cause  nutritive  digea- 
ticrn  to  be  again  feebly  resunied,  at  all  events  in  herbivorous  animals,  if 
not  in  man,  whose  cfecuni  '\s  rudimentary,  under  the  form  of  the  appen- 
dix %'ermiff>n!ii9.  From  Pevcr','*  glands  a  secretion  baa  exuded,  which 
perhaps  f^^ves  to  the  nia?i&  tlie  cbaraoterifttjc  odor  It  is  now  assuming,  if» 
indeed,  these  organs  are  not  connected  witli  absorjition.  The  effete  re- 
mains are  finally  voided  as  fii'ces,  which,  due  allowance  being  made  for 
the  water  they  contain,  amounting  to  alwut  75  jier  cent.,  may  be  rej>- 
resented  as  avcraginfj  abtiut  1,{  nunce  per  day.  These  excrementitious 
remains,  colored  vellow  by  the  coloring  material  of  the  bile,  are  partly  de- 
rived from  the  resiJui's  of  the  food  wliith  hiive  been  unacted  upon,  and 
partly  from  the  decay  of  the  system  itself.  The  raicroscojie  shows  the 
remains  of  cell  memV>rane3i  and  the  walls  of  vegetable  vaa-  rormnilon 
cular  tissues,  starch  granules,  and  chlorophyll,  the  rclica  of  car-  "'  ''^''''^■ 
tilaginous  and  fibrous  tissues,  sbreds  of  muscular  fibre,  fat^cella.  From 
the  digestive  tmet  there  have  been  derived  mucus  corpuscles,  ejnthelial 
cell.?,  and  the  coloring  mjitter  of  the  Itilc.  Perhaps,  too,  much  of  the  wa- 
ter w  inch  gives  consistency  to  the  faxes  has  Ijeen  derived  from  the  intes- 
tinal walls,  for  in  quantity,  under  certain  circi^m stances,  it  may  exceed 
llie  amount  that  has  lueen  used  as  drink. 

In  its  passage  through  the  intestine,  thnt  portion  of  the  bile  which  lias 
not  lieen  ahsorlted  imtlergoes  considerable  changes,  its  co!iju-  DiaappMrancp 
gated  acids  degenerating  into  dyslysin,  which  may  be  recog-  ofiliubilo. 
nized  in  the  ficws,  aa  is  also  the  case  with  the  modified  pigmentary  mat- 
ters ;  the  soluble  Tnineral  constttuentf>  anv,  for  the  most  part,  absorbed. 

The  reilucing  agencies  in  the  intestine,  and  the  manner  iti  which  aub- 
atances  can  find  their  way  into  the  uriuar^'^  secretion,  is  wcJl  rnddeniaire- 
ilhifttratcd  by  the  administration  of  indigo,  wiiicli  undergoes  j^  th^^ini^es^ 
deoxidation  into  the  condition  of  auli>oxidc  of  isatine,  and  will,  tine. 
notwithstanding  the  agency  of  arterial  blood,  apf>ear  in  that  condition  in 
the  urine,  to  whicli,  upon  contact  of  the  air,  it  imparts  a  blue  tint,  becom- 
ing  more  intense  under  a  prolonged  exposure,  antl  eventually  indigo-blue 
being  deposited.  Such  a  result  not  only  shows  liow  energetic  are  the  re- 
ducing agencies  in  the  intestine,  but  also  with  what  tacility  very  oxidiz- 
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able  material  may,  under  certain  conditions^  be  exposed  to  arterial  blooil 
without  oxidation.  Yet  that  this  want  of  action  is  wholly  due  to  inci- 
dental circuin stances  ia  shown  fVoin  t]ie  fact  that  salts  of  organic  acidrf 
are  much  more  quickly  oxidized  in  the  blood  tlian  they  arc  in  the  open 
air. 

It  ia  interesting  thus  to  observe  how  the  deatli  of  one  part  of  the  body 
.  .  miniatera  to  the  Ute  of  the  rest ;  for  the  nitrogenized  and  act- 

i«kfln  of  the  ive  principles  of  fic  jiiicea  secreted  for  the  accomplishment  of 
I^r?iljnioor.  cligestioii  are  on  the  descending  career,  and  arc  truly  dying 
jjaniKfl  an-  matter.  The  incipient  stage  of  decay  through  which  they  arv 
jwasing  reacts  on  the  food,  and  prepares  it  in  a  temporarj- 
manner  to  replace  those  parts  of  the  body  which  ai-c  ceasing  lirom  activ- 
ity, and  about  to  be  removed. 


CILiPTER  V. 

OF  AnSORPTIOIT. 


lknAk  Mfichamaia  feiT  Ahaorption. —  Tht  JjaettaU  and  Vfinit. — Lacteat  Absorption. — Dttcrip- 
tivn  of  a  Viflm,  — A'wkyie^  in  PkmtJt.^^  Introdartio'i  i>f  Fii(  litf  ihf  Vilii.  —  The  Otyle.^ 
Cimseg  of  thp.  Flotiy  aj'  diiftf:, — lateriasd'ntlt  Chnn^f.K  on  lis  Pussn^f  fo  ihp.  fi/naiL — Atiian  cf 
i^?r's  BvUtn.^  l-'jiii>hatii-  Al'sorjtlion.  —  \iiture  of  Lff'nph, — i^fntrt'ir?  f>f  the.  LgrfphiUh- 
Sytileiii,  —  Octm/Hiri^vn  of  O/i^/f,  Li/ircph,  itH'i  StJ^iit^  —  fuHcttoii  nf  the  f.i/nip/iatic  Si^stern,— 
l\odwi'"n  "f  Fil'rit- — C'o/aiieims  .liAoryf^wj/j. — C'trisFH  of' the  I'luia  of  f^mph, — Api>{xreui  ju-- 
Iftiirtii  jioMtr  oflhs  Absfirbfiiln. —  C<i)mection  o/the  Liuieaiit  anil  Lifinfiiuilks  itilfi  tise  Lavuwo- 
five  OHtt  RcJipiraiorff  Mcchanumi. 

The  food,  after  digestion,  though  in  the  alimentary  tract,  is  exterior  to 
„  ,,  ,  the  animal  system.  Sleans  have  therelbre  to  be  resorted  to 
agiisin  fur  hLk  for  itB  introduction  into  the  circulation,  and  its  distribution 
■*T*'**"*-  to  cverj'  part.     This  is  accomplished  by  a  double  mechanism, 

one  portion  of  which  ia  adapted  to  the  digestion  which  has  been  going  on 
in  the  stomach,  the  other  to  that  which  is  completed  in  the  intestine. 
The  veins  which  are  profusely  spread  on  the  walla  of  the  digcatiie  cav- 
ity constitute  the  former  apparatus,  the  lacttHil  vessels  the  latter. 

The  lacteal  vessels  nj.ay  be  dcscrilied  as  delicate  tubea,  conveying  ma- 
DescripfioB  of  terials  ahsorljcd  from  the  intestine  into  the  blood.  Their 
•  rillna.  mode  of  origin  may  be  understood  by  considering  them  m 

projecting  with  a  tine  but  blunt  end  ujjon  tlie  inner  coat  of  the  tntestmc. 
This  projection  is  covered!  over  with  smooth  muscle  cells  and  a  plexus  ol' 
blood-vessels,  a  continuation,  aa  it  were,  of  those  of  the  nmcoue  coat  of 
the  intestine  itself;  tiicy  are  held  together  by  connective  tissue,  and  over 
tliat  is  cast  a  tSDvering  of  cylindric  epithelium.     This  construction  con- 
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stitntes  what  is  ca!le<i  a  villus,  the  shape  of  which  is  conicilT  or  pprhapj* 
i-ylindrical.  The  villua  may  then  Ixt  regarded  as  a  procees  of  niuoona 
mctnbranc* 

J*'iff,  23  13  n  pection  of  tlie  wall  of  the  ileum, 
a  being  the  villi ;  b,  gland.-?  of  Lie-  s,„„„„  ^j 
berknhn ;  <?,  musctilar  layer  of  thu-  Uj^  ijiuistinai 
cous  memhrane  ;  d,  follicles  of  a  Pey-  **  ' 
er'a  patch ;  e^  remaindor  of  suLmucoxis  tissue  be- 
neath them ;  y,  circular  muades ;  ff  A,  Iong;itu- 
dinal  muscle?'.     (KoUiker.) 

J^/^.  24  represents  the  diatrihution  of  blood- 
vessels to  the  villi  of  the  inteatine  of  the  nioa- 

Fig.  94. 


SotllMi  ofwaH  ufHeUm  tunguifieil 


Illntribiitiop  at  orti'iicB   nnd  velnt  on  villi   of 


key.    The  figure  was  drawn  by  the  camera  lucida,  a  a  being  the  arteries. 
A  If  the  veins. 

The  fonn  of  the  villi  differs  in  different  regions  of  the  inteatinc.     In 
the  duodenum  they  are  less  elevated,  laminated,  and  broad- 

rf       ^.-         T        1       ■    ■  ■      .-  T     1      -1      Fcjrtns  (if  viUi. 

cr,  J^iff.  2o.     In  the  jejunum,  more  projectmg  or  cyhndroid, 


Flu.  23- 


Fir?,  m, 


I'Sitri'bntion  Vt  bl<Ktd.wBvla  oti  Hip  vlIU  "t  fb" 
duu^mum. 


DletTibutlon  of  Mr>n<l-Trwvlii  on  Cbo  riUl  of  ttacijlk 
JUtlUtO. 


J^i^^  26*    In  all  cases,  however,  they  are  abundantly  isupplied  with  blood- 
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vessels.  Their  epithelial  covering  of  cylindroid  cells  is  shown  in  the 
sectional  diagram,  i'Vt^.  27^  a  a  ;  &i  b  b  is,  the  origin  of  the  lacteal  aris- 
ing obacurely.       «  F(g.  k. 

So  amply  are  the  villi  supplied 
with  blood-vesselsj  that  ii",  after  iu- 
ViTiuas  npiiL-    jection  With  t»loriiig 

cells.  dric  epithelium  be  re- 

moved, they  .seem  to  be  tinged  all 

over.     Each  cell  of  the  opitheHum    Mj^.    ^    V         •  jf^'    ^ 
appears  to  be  filled  with  granulrtr  ,|'^ 
matter,  and  to  have  a  well-njarked  1^ 
nuclcu3.      Some  anatomists  assert     <""iiiif^'*J  "^n  ^  mcuod,  wkh  i-yuudruLti  ejiitiiLiium. 
that  that  end  of  these  cells  nearest  the  cavity  of  tlie  Intestine  is  in  reality 
open,  and  in  this  manner  they  account  for  the  ready  passage  of  oil  glob- 
ules into  them,  and  also  for  the  appearance  of  solid  foreign  bodies,  as  Os- 
terlein  oLser\ed. 

Though  we  have  described  the  lacteal  as  a  vessel  projecting  into  the 
Oriiifiti  of  t]w  interior  of  the  intestine,  it  is  by  some  ^wed  rather  as  a  mere 
{klwii\.  excavation  in  tlic  Wllus.     The  villi  impart  to  the  mucous  mem- 

brane an  aapeet  sometimes  likened  to  the  pile  of  velvet.  On  an  average, 
their  mimLer  upon  a  square  inch  is  about  10,000.  The  entire  number 
of  these  organisms  mnst,  therefore,  amount  to  many  millions.  At  one 
time  it  was  supposed  tluit  the  laeteala  open  directly  into  the  intestine — an 
opinion  which  is  now  universally  abandoned.  The  action  of  each  \-illuB  is 
doubtless  more  complicated  than  is  generally  represented,  for  the  organic 
fibre  cells  it  contains  give  to  it  the  power  of  executing  rhythmic  motions. 

When  the  operation  of  the  lacteal  vessels  aa  absorbents  was  first  de- 
The lact^nla  tected,  it  was  believed  that  all  nutriment  is  introduced  by 
not  iiL-LXf  u-  j.]^pjj.  nipaiig,  J5ut  there  are  many  animala  wholly  destitute 
aijforpiioD.  of  this  ayateni  of  tubes,  ±br  instance,  the  invert  ebratea.  Even 
in  many  fishes  the  villi  are  absent.  In  such  cases  absori^tion  must  nec- 
easarily  be  conducted  by  ihc  veins.  Moreover,  though  there  are  no  lac- 
teaJs  on  the  walls  of  the  stomach,  nor,  indeed,  on  that  part  of  the  intes- 
tinal tube  which  is  higher  than  the  place  of  introduction  of  the  biliary 
and  pancrearic  ducts,  there  are  many  substances  freely  absorbed  from  the 
gastric  cavity  w^Iien  its  pyloric  orifice  ia  tied.  It  has  already  been  men- 
tioned that  the  stomach  absorbs  water  with  remarkable  rapidity.  The 
doctrine  that  the  lactcals  are  the  exclusive  organs  of  absorption  must, 
thereforpT  be  abandoned,  for  it  is  plain  that  the  venous  system  participates 
in  this  dutj'. 

The  function  of  absorption  has  therefore  to  be  examined  from  two 
points  of  view,     Aa  there  are  two  digeationa,  one  producing  a  pertbct  sa-^ 
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iution,  and  the  other  an  emuUioned,  but  not  dissolved  state  CoDdtUons  of 
of  the  ("ooil,  so  there  are  two  absorbent  systems,  the  lacteala  'f^^^'  ■^'o'" 
and  the  veiiia.     The  lacteab  introduce  sut:h  eubstauces  as  are  iio». 
not  absolutely  dissolved,  particularly  the  oils  and  fats.     The  veins  ap- 
pear to  lake  up  those  substances  only  which  are  completely  dissolved  iii 
VAter. 

As  in  many  other  cases  in  physiology,  ao  in  this,  a  correct  interpreta- 
tion of  tlie  functions  of  the  aiiimul  mechanism  may  be  ob-   .,       ... 

^  AbrarplnDii  in 

tained  by  examining  the  corresponding  stmctures  and  func-  (lUm*,  iiicjr 
tions  in  plants.  In  the  more  perfect  of  thesc»  the  absorj>tion  "^'■'""  '"'''  **^" 
of  watery  matenal  from  the  ground,  eoiistituting  the  ascending  sap,  is 
brought  about  by  the  ^ency  of  collections  of  soft  cella,  which  are  j)laced 
at  the  extremity  of  eacli  rootlet.  They  are  designated  i*pongioles.  By 
thpir  action  the  fluid  is  forced  up  tlirough  the  tulxis  of  the  saii-wood  into 
the  leaves,  and  there  exposed  to  the  conjoint  agency  of  the  aim  and  air. 
A  change  is  thus  accomplished,  and,  from  being'  crude,  it  tums  into  elab- 
orated sap,  and  now  descends  through  the  bark,  to  be  distributed  to  cverj" 
part  of  the  plant.  Its  ascent  ia  caused  by  the  cells  of  the  spongioles,  its 
descent  by  the  chemical  cJiaiigea  occurring  among  the  cells  which  are 
found  in  the  structure  of  the  leases. 

These  cells — ^both  of  the  roots  and  of  the  leave3 — are  far  from  contin- 
uing their  action  for  an  unMiiiitcd  |}criod  of  time.  At  the  most,  thcii 
exifltence  is  transient.  Those  of  the  roots  arc  gradually  lost  by  decay, 
or  converted  into  solid  structure^  as  the  elongation  of  the  organs  through 
the  ground  goea  on.  Tiio.se  of  the  leaves  are  equally  transitory.  At 
periodic  intervals,  both  in  deciduous  and  evergreen  plants,  the  fall  of  the 
leaf  occurs — a  new  organism  succeeding  in  another  summer  to  make  up 
for  the  one  which  has  p.iescd  mvay, 

Tfttiatever  nutrient  material  is  taken  from  the  soil  in  the  case  of  plants 
ig  introduced  by  the  aid  of  a  cellular  stnieturc,  and  the  cells  die  after  ac^ 
complishing  their  duty. 

It  was  once  a  saying  among  physiologists  that  the  lacteals  are  the 
roots  of  animals,  and  in  this  there  is,  in  reality,  a  great  dcjil  Anaiujjjy  i<e- 
of  truth,  for  between  the  rootlet  of  a  plant  and  the  lacteal  of  5^];^,';,; j* Jj^'t 
an  animal  there  is  a  conspicuous  relation,  not  only  in  struc-  """Jou, 
turCi,  but  aL-jo  in  function.  As  is  seen  in  7^t^.  ^7,  upon  each  villus  of 
the  intestinal  tube  there  is  a  layer  of  cylindric  cells,  underneath  which  the 
lacteal  vessel  takes  its  riBC,  for  it  docs  not  ojjen  by  a  free  orifice  on  the 
interior  of  the  intestine,  but  its  Hask-shaped,  loop-like,  or  convoluted  or- 
igin is  obscurely  seen  in  the  midst  of  the  cells.  The  aspect  wiiich  the 
villi  present,  froni  its  doubtful  nature,  has  led  to  the  erroneous  eoncIu.sion 
that,  as  soon  as  active  digestion  jjoes  forward,  cells  mpidly  develop  with- 
in the  epithehuni,  and  continue  to  do  so  aa  long  aa  the  intestine  containii 
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digested  matter ;  that  they  become  turgid  with  chyle,  and  liave  a  diame- 
ter of  alxiut  the  y^^j-^  of  an  inch;  that,  as  they  select  matPrial,  they 
throw  it  into  the  lacteal  tube,  either  hy  bursting  or  dcliquesdng,  and  at 
the  same  time  set  free  broods  of  gemis  from  which  new  ceils  arc  developed. 
So  far,  therefore,  as  their  duration  is  concerned,  if  this  be  their  true  histo- 
ry, they  are  e\'en  more  transito]^^  tlian  the  corresponding  cells  of  plants. 

ITjat  the  lacteala  are  connected  with  respiratory  digestion  seems  to  bo 
Vat  1%  iiiiTo-  plainly  indicated  by  the  cireumstances  of  tlieir  occurrence, 
lactcaishito*  Noiic  of  tliem  are  found  upon  the  stomach,,  nor  even  on  that 
rtiB  ihlood.  part  of  the  'luodenum  which  is  above  the  entrance  of  the  he- 
patic and  pancreatic  ducts,  but  below  tliat  point  they  are  acaltereil  in  pro- 
fusion all  over  the  small  intestine.  The  digestion  of  fatty  bodies  not 
taking  place  until  llie  food  has  gjiined  the  duodenum,  vessels  tor  tlie  ab- 
sorj)tion  of  the  emulsions  to  which  that  digestion  gives  rise  are  not  re- 
<juired  until  after  that  point  is  passed.  Correctly  sjieaking,  however, 
the  iactcals  are  only  lynipliatics  which  are  taking  uji  oil  presented  to 
them.  In  view  of  the  use  winch  the  oils  gulisen  e  in  the  animal  economy, 
the  lacteala  arc  in  reality  an  appendix  to  the  rei?[iiratnry  system.  There 
can  be  no  doubt  that  through  their  rhanncl  oils  and  fata,  under  the  fonn  of 
emulsions,  are  transmitted  to  the  blood.  The  an;ilysi3  of  the  chyle  shows 
that  it  is  always  rich  in  fat,  and,  indeed,  it  is  supposed  by  some  physi- 
ologists that  the  objec:ts  just  described  as  cells,  suirounJing  the  origin  of 
the  lacteals,  arc  nothing  more  than  oil  or  fat  glohulos  accuniulated  there 
and  waiting  to  be  taken  up,  or  that  the  disappearance  and  exuviation  of 
the  so-called  ccUa  is  an  optical  deception,  due  to  their  walls  becoming 
pCi'meated  with  oil. 

The  manner  in  which  oil  globules  collect  round  the  villus  I  have  re- 
marked as  being  very  strikingly  displayed  ftg-t^. 
in  the  case  of  tlie  gray  squirrel  after  feed- 
ing-on  fatly  Tiuts.     As  sliowii  in  J'l^/.  28, 
the  whole  structure  looks  as  if  it  were  dis- 


tended with  oil  globules,  rt  a,  in  tlie  midst  SSi^Vf?,     J^'"^     ^•ti^^ 

of  which  tlie  origin  of  the  lacteal,  i /»  ^,  may  teS;     ^''^'^vc^jt  .V'/^ 

be  doubtfully  and  dimly  discerned.  /^*i|     '^^^   ^IcJt     '^x"" 

Although  it  can  not  be  admitted  that  the  '       'L       V'.&     \ 

a  •  /,p  ,'  S^ 

Evoiijticti  nrK!   production    and   deliquescence 

riififiion  ufllie       /•  .,  ,^        ,•     ■,,■   -  i  Uilf-dlaj-THmol  villi  ..Ittie  prnj-iuiiTil 

i-cDb  of  tbe  ^^  ^     '^  '^  *^  ''■  demon-  •         nif^r  rwdiiig  on  nma, 

*ill»-  stratcd  fact,  and  that  on  this  tlie  action  of  the  lacteals  as  ab- 

sorbent vesBiels  for  the  moi=it  part  depends,  the  rapid  evolution  and  disap- 
pearance of  these  cells  is  by  no  means  a  ]d)ysioIogicaI  im possibility.  Bot- 
anists assert  that,  in  a  single  night,  the  Bovista  gigantenm,  a  pufi-ball, 
can  develop  from  a  mere  point  to  such  a  size  that  it  must  contain  fifty 
thousand  millions  of  cells- — a  mimberthat  seems  almost  incredible*     The 
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development  of  cc-lla  In  tlie  villi  of  the  intestinal  tube^  in  countless 
crowds,  may  therei'ore  be  within  tlie  bounds  of  possibility. 

If  this  be  the  case,  the  cells  which  thus  come  rapidly  into  existence 
in  the  villi  appropriate  those  articles  of  respiratory  food  which  are  of 
imptyfect  eolubility  In  witter.  To  this  cliisa  the  oils  belong.  Each  cell 
then,  aa  it  dies,  yields  up  its  contents  to  the  kctcal  tube.  In  the  white 
fluid,  the  chyle,  which  flows  along  tliose  tubes,  are  many  pale  or  color- 
less corpuscles  continually  coming  into  existence.  These  BCem  to  im- 
press a  chajige  upon  the  chyle,  and,  to  give  a  full  opportunity  for  sncli 
action,  that  fluid  is  comi>eIIed  to  flow  gradually  through  long  tind  sinuous 
channeU,  for  the  glands  in  the  mesentery  may  be  regarded  as  convoluted 
windings,  or  rather  plexuses  of  tubes,  to  which  that  particular  form  IH 
given  for  the  sake  of  clascneas  of  package.  From  the  enveloping  caj)- 
aule  of  fibrous  tissue  of  the  glands  thin  slipets  arc  projected,  p.^^j.^^^  ^f 
and  60  intenietted  as  to  divide  the  whole  gland  into  many  tiie  mysiiiterir 
alTeoli.  These  are  filled  witli  a  pulpy  material  supplied  ^' *"  *" 
with  delicate  blood-vessels.  The  chyle  either  oazing  througli  this  ma- 
lerial  eventually  escapes  trom  the  gland  by  the  efferent  vessels,  or  makes 
the  passage  in  its  own  tlnn  tube.  In  reptiles,  in  which  there  are  no 
such  glandsij  the  lacteals  are  extended  to  a  very  great  length. 

The  manner  in  whicli  the  chyle  passes  througli  the  mesenteric  glands 
is  therefore  explained  diflferently,  according  to  the  view  Modo  oUL'tion 
which  is  taken  of  the  structure  of  those  organs.  If  they  ..ifthuimwDi*- 
are  considered  as  mere  dilatations  of  the  lacteal  vessel,  from  ^^  '^  ""  '^' 
the  sides  of  which  partition  processes  arc  sent  off^  the  interspaces  being 
filled  with  granular  material.^  througli  whicli  delicate  blood-vessels  pass, 
the  chyle  is  to  be  considered  as  oozing  through  this  granular  structure, 
and  crossing  directly  in  contact  with  it.  But  if  we  accept  the  doctrine 
that  the  chyle  is  conducted  through  the  gland  in  a  plexus  arising  from 
the  incoming  lacteal,  the  granular  material  being  outside,  then  the  influ- 
ence of  that  material,  in  whatever  it  may  consist,  takes  effect  through 
the  delicate  walls  of  the  plexus.  The  like  remarks  apply  to  the  lym- 
phatic glands.  Physically,  however,  the  condition  in  both  cases  is  the 
same;  the  incoming  liquid  is  simultaneously  exposed  in  the  gland  to 
the  infiuenee  of  the  granular  pulp  and  to  arterial  blomh 

Tiie  chj'le,  delivered  into  the  lacteal  tube,  is  propelled  by  tlic  conjoint 

action  of  several  dtfferentforces.     The  constant  accumulation  -  -,, 

Causes  or  the 

of  Uquid  at  the  origin  of  the  vessel  produces  a  pressure  which  flow  ofthe 
can  only  Ije  relieved  by  motion  through  the  tul)e,  and  at  the  ^  ^  *"' 
mouthy  where  the  lacteal  empties  into  a  vein,  as  sooner  or  later  jJl  do, 
cither  directly  or  through  the  intervention  of  the  thoracic  duct,  a  suction 
force  is  exerted  on  the  contents  of  the  lacteal  by  the  passing  current  of 
the  venous  blood,  upon  the  well-known  hj'draulic  principle  of  Vcnturi, 
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that  if  into  a  tube,  a  b,^lg.  29,  tliroagh  which  a  current  of  water  la  Btead- 
Fii}.  ill.  \\y  riowiug,  another  tube,  c  d,  opens,  its 

more  distant  end  being  in  communication 
with  a  reservoir  of  water,  i\  through  this 
tube  a  current  will  likewise  be  establish- 
ed, and  the  reservoir  be  emptied  of  ita 
contetita.  The  effect  is  still  greater,  as 
Bernouilli  demonstrated,  when  the  main 
current  is  flowing  towaid  the  wide  end 
of  a  conical  pipe.  Moreover,  the  lacteal 
tubes  arc  elastic,  and  furnished  with  valves, 
which  open  to  let  the  fluid  pEiss  toward 
the  veins,  but  close  in  the  opposite  way. 
Principle  *,t  voniuri.  ThiavaKiiliir  mechanism  renders  available 

any  pressiire  arising  either  from  the  coiitraetility  of  the  vessels  them- 
MwihaTiism  fur  scivcrf,  or  from  thosc  various  muscular  movements,  respira- 
transfprriny       j^^-,  ^y  voluntarv,  wliich  aflect  the  abdominal  walls.     The 

chylfl  froiii  lliu  "'  i         ■  r     i  i  i  i  i         i 

vitius  tri  the  manner  ot  mtroduction  or  the  great  lacteal  trunk— the  tho- 
Uood-vessL-u.  j-j^^jp  j^qt — ^t  the  angle  of  junction  of  the  left  suljclavian  and 
jugular  veins,  is  also  lery  feliciloiia,  lor  the  suc- 
tion force  of  those  large  vessels  is  there  conjoin- 
ed, and  the  cfiect  is  at  a  maximum.  The  con- 
trol of  the  blood  motion  on  the  chyle  motion  is 
obvious  frnni  thiw,  that  as  soon  as  the  circula- 
tion stopa  the  chyle  stops,  and  thig  not  go  much, 
from  the  engorgement  of  the  venous  trunks, 
which  renders  it  JiBicuIt  for  the  chyle  to  make 
ita  way  into  them,  aa  from  the  cessation  of  that 
traetile  force,  which  solicits  the  chyle  to  move 
into  the  blood. 

Fig,  30  represents  the  position  and  course  of 
the  thoracic  duct,  and  ita  manner  ofintro  duct  ion 
of  the  chyle  into  the  blood  circulation.  (Wil- 
son.) 

1,  Arch  of  aorta;  2, thoracic  aorta;  3,  abdom- 
inal aorta;  4,  arteria  innominata,  dividing  into 
right  carotid  and  right  subclavian  arteries;  5, 
loft  cai'otid  ;  6,  left  subclavian ;  7,  superior  cava, 
I'ormcd  by  the  junction  of,  8,  the  two  venfc  in- 
nominate:, and  theee  by  the  junction,  9,  of  the  in- 
fernal jugular  and  subclavian  on  each  side ;  10, 
the  gi-eater  vena  azygoa  ;  11,  the  termination  of 
Tt«-  tiurttcc  duel.  the  leaacr  in  the  greater  vena  azygos ;  12,  recep- 
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tacnlnm  chjii, aererallj-rapliatic truiika  opening  info  it;  13* tlie thoracic 
ducl^  tlinding  opposite  the  middle  of  the  dorsal  vertebra?  into  two  bratich- 
ee,  which  soop  reunite ;  tJie  course  of  the  duct  behind  the  arch  of  tlie 
aorta  and  left  subcla\'ian  artery  is  &hown  Ly  a  dotted  line ;  14,  the  duct» 
making  its  turn  at  the  root  of  the  neck,  and  receiving  several  lymphatic 
trunks  previously  to  terminating  in  the  posterior  aspect  of  the  junction 
of  the  intenxal  jugitlar  and  suljclavian  vein;  15,  the  teniiination  of  the 
trunk  of  the  ductus  h-mphalicua  dexter. 

As  to  tlie  manner  in,  which  digested  fat  finds  ita  way  into  the  lacteala, 
it  fieema  to  be  a&  follows :  In  the  interior  of  the  epithelial  „  .^ 

cells  oil-dropa  are  detecteU,  while  on  the  outer  part  the  aur-  introduttioaot 
face  preseiitiS  a  pearly  aspect,  from  other  portions  of  oil  wait-  "'' 
ingto  enter.  By  degrees,  all  the  cells  upon  the  exterior  of  the  villus  ^- 
hibit  the  same  apjjearancc,  the  particles  gradually  Hnding  their  way 
through  the  parencijyma  of  the  villus,  and  so  entering  the  lacteal  tuhe. 
J£t  with  some  anaiomistg»  we  regard  the  lacteal  at  its  origin  as  not  being 
a  true  vessel,  but  only  an  excavation  in  that  parenchyma,  much  of  the 
obscurity  which  surrounds  the  explanation  of  tite  manner  of  the  entry 
of  oleaginous  material  into  the  lacteal  is  removed.  If,  moreover,  with 
other  anatoniiats,  we  represent  tiie  intestinal  end  of  the  cyliudric  cclla  to 
be  wanting,  and  the  cells  themselves  to  be  truly  cupshapcd  forms,  filled 
With  a  pecuhar  secretion,  through  which  fat  particles  and  even  solid  sub- 
stances may  pierce  their  way,  this  likewise  would  remove  mueh  of  the 
ditiiculty.  liut,  after  all,  even  if  the  geiterd  opinion  of  the  structure  of 
a  villus  is  adopted,  that  the  lacteal  commences  with  a  blind  pouch  or 
blunt  tube  surrouivded  by  a  network  of  blood-vcsseb,  and  over  this  an 
epithelium  cast,  there  being  no  mouths,  or  pores,  or  apertures  of  discov- 
erable size  leading  into  the  lacteal  through  its  own  wall  and  enveloping 
structures,  we  should  also  remember  the  extreme  minuteness  of  the  oily 
farticies  suspended  in  the  chyle,  and  still  more  particularly  that  even 
this  eiae,  small  as  it  is,  is  deceptive  ;  for,  in  passing  fhrougii  interstices 
too  mmutc  to  be  seen  even  by  optical  aid,  the  oil  particles  may  be  press- 
ed out  into  long,  thread-like  forms,  which,  as  soon  as  they  escape  into  the 
Jree  cavity  of  the  lacteal,  assume  the  spheroidal  appearance  by  reason  of 
their  own  cohesion,  just  as  a  blood-cell  can  pass  through  a  vessel  of  a 
diameter  far  less  than  its  own  Ly  lengthening  itself  out  into  a  linear 
shape,  and  rcaasuming  ita  original  iigure  as  soon  as  it  escapes  from  con- 
finement and  pressure.  Though,  therefore,  the  lacteals  commence  upon 
the  intestinal  walls  as  closed  tubes,  this,  in  reality,  oft'ers  no  obstacle  to 
their  absorbing  power  when  their  molecular  porosity  is  considered. 

Perhaps  this  infiltration  or  intrusion  of  oily  material  ia,  to  a  consid- 
erable extent,  aided  by  the  presence  of  the  bile,  or,  ratiier,  its  oily  con- 
stituent.    It  ia  capable  of  easy  demonatration  that  oil  will  rise  much 
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highec  in  s.  capillary  glass  lube,  the  inside  ofwhicii  has  been  coated  over 
with  bile,  than  in  the  one  which  has  not  been  ao  prepared. 

The  liquid  which  haa  been  gathered  into  the  lactcals  from  the  intes- 
tine pursues  ita  course  to  the  veinst  and  ultimately  eiitera  them.  The 
special  clianges  which  are  impressed  on  it  during  thia  passage  will  now 
be  explained. 

The  constitution  of  the  chyle  varies  witli  the  physiological  conditions 
ConsiiiHtion  °^  *^"^  system.  After  a  period  of  fasting  it  is  colorless,  and 
an-i.hanyesin  presents  tiie  general  aspect  of  lymph,  hereafter  to  be  de- 
■  '  scribed,  but  during  digestion  it  is  rr  whitish  milkj''  fluid, 
whence  ita  name.  This  milkiness  dependa  on.  the  suspension  of  minute 
fat  or  oil  globules  in,  it.  Their  diameter  is  commonly  stated  at  the 
StiTuTiS  *^^  ^^  int:iu  Of  course,  the  composition  of  the  chyle  varies  in  dif- 
ferent animals,  and  even  in  the  same  animal  nnder  different  dJeta* 
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With  so  many  canaes  of  variation,  such  a  table  aa  tlie  preceding  is 
only  valuable  as  giving  a.  general  idea  of  tlie  nature  of  the  chyle.  Wc 
Icam  from  it  that  tlie  predominating  solid  constituents  are  fat  and  albu- 
men. T]ie  percentage  amount  of  tlie  Hrst  of  tliese  in  the  sample  of  hu- 
man chyle  is  very  low,  a  fact  due  to  the  circumstance  that  the  subject 
from  which  it  was  obtained — an  executed  criminal — had  eaten  but  little 
for  some  time  before  his  death.  In  like  manner,  the  chyle  of  horses 
which  have  been  kept  without  food  has  been  observed  to  exhibit  a  dim- 
inution of  ita  fat  to  such  an  extent  as  to  be  less  than  one  tenth  of  the 
nonnal  amount.  It  is  to  be  remarked  that  the  saline  ingredients  of  the 
chyle  closely  represent  tliosc  of  the  blood,  both  in  eonatitution  and 
amount. 

The  composition  of  the  chy]e  varies  at  different  jjoints  on  ita  passage 
ronBiitutioriof  to  the  veins,  there  being  a  gradual  diniinution  of  the  albu- 
(fivleai  van-         ^^  ^^^^  ^^  increase  of  the  fibrin.    After  tlie  passage  throucb 

nun  juiinCa  of  ii,  ii'i' 

iis  course.  t!ie  mesenteric  gfanda  it  becomes  capable  ot  coitgulation, 
and  will  separate  into  a  serum  and  a  clot.  Examined  near  tiie  villi,  it 
may  be  regarded  as  an  albuminous  liquid,  in  which  are  suspended  glob- 
ules of  fat  of  various  sizes,  down  to  the  degree  of  minuteness  just  speci- 
fied. The  nature  of  these  globules  is  determined  by  the  action  of  sul- 
phuric ether,  which  readily  diasolvea  them.     After  passing  through  the 
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mesenteric  glands,  the  percentage  amount  of  albumen  dccllnest  and  tlie 
tat  globules  diminish  in  number.  Simultaneously  the  special  cells,  to 
which  the  name  of  chyle  corpuscles  is  given,  luake  their  nppearauce,  and 
the  liquid  is  now  capable  of  coagulating,  owing  to  the  production  of 
tibrin.  These  charaetere  become  more  strikingly  developed  as  tlie  chyle 
advances  in  the  thoracic  duct.  The  chyle  corpuaclea  are  eventually  de- 
veloped into  red  blood-cells. 

It  should  be  borne  in  mind,  in  all  discusaions  respecting  the  composi- 
tion of  chyle  in  difierent  parts  of  its  course,  that  it  must  i"e-  ,  .  fj^  ,  ji. 
ceive  transuded  matters  from  the  blood,  and  that  thia  must  transudation  " 
more  particularly  occur  on  its  passage  through  the  nieaen-  ""'  i  f  oo  . 
teric  glands.  Owing  to  this,  it  is  quite  probable  that,  even  though  there 
should  be  an  actual  consumption  of  albumen  in  accomplishing  the  meta- 
moiphoses  which  are  taking  place,  the  apparent  percentage  amount  of 
that  ingredient  may  increase  by  transudation  from  the  blood.  It  ap- 
pears to  me  quite  probable  that  the  albuminous  material  in  tlie  lacteal,  at 
its  very  origin  in  the  villua,  has  been  derived  to  quite  as  great  an  extent 
by  transudation  from  the  plexus  of  blood-vessels  as  by  absorption  from 
the  digested  food. 

Whatever  may  be  the  special  manner  by  which  the  fats  pass  from  the 
inteatiue  into  the  lactcala,  they  have  scarcely  gained  those  saponin mUoh 
vessels  before  they  undergo  a  change.     The  quantity  of  free  ^^  ^^"'  ^"^■ 
fat  diminishes,  and  that  of  eaponiticd  fat  increases;   this  is  probably  at- 
(-■omplished  by  soda  obtained  from  the  blood. 

As  to  the  tibrin,  it  can  scarcely  be  supjfoscd  that  the  imperfectly  co- 
.igulable  variety  which  the  chyle  contains  ahould  liave  been  i>i(ieruii£,i!iw- 
derived  by  transudation  through  the  vessels  of  the  strongly  fi|"[i"„','I^' 
i^ntractile  kind  contained  in  the  blood ;  and,  in  view  of  all  thyk-ribrin. 
the  circuntstancea  of  the  case,  it  would  appear  that  the  explanation  we  shall 
Fiv.  ?.h  offer  of  its  direct  origination  from  the 

chyle  albumen  by  oxidation  is  correct. 
The  chyle  coqmscles   arc  readily 
distin^Tiished  from  the  blood-  „         , 

o  Kaiuro  of 

^   cells,  not  only  by  their  white  chvl«  cor- 
■^  appearance,  but  also  by  their  ^^^^'^ 
turm.     They  are  spheroidal,  niBHcutiian 


■>\ 


and  either  homogeneous  or     '^'"' 

-      ''  granular.     Those  of  the  frog  arc  seen 

i  \v     in  /7y.  31,  at  a  a,  sparsely  scattered 

am6ng  the  elliptical  blood-cells.     The 

\^  photograph  from  which  the  engraving  is 

taken  exhibits  nearly  the  average  pro- 

Cttjle  cnmuielefi  wMt  blimd-ccUB,  magnified  "iM  .  ,.    .  .      .,        .       ,  ,        , 

dUrooLcn.  poition  ot  thcse  uouies  in  that  animal. 
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By  the  action  of  water,  ihe  nncleua  of  the  chyle-cell  becomes  more  dis- 
tinct, its  increased  granulav  aspect  making  it  more  visible,  as  in  ^ly.  32. 

Fifl.  ti.  Pig.  83. 


Chjie  ForpiiiiictF'fl  wllh  wnU-r.  mngnlfleil 


Chfla  G<tf|iUK;lt>H  with  aret^C  ntkd,  mttg;- 
alQcd  M»  dlauiL'leTJ. 


By  acetic  acid  the  nucleus  is  greatly  contracted,  as  YnFig.  33,  and  some- 
timea  even  escapes  from  the  cell. 

In  embryonic  life,  the  tirst  a])pearanc'c  of  chyle  corpuscles  commonly 
coincides  with  a  cliange  in  the  arrangetnent  of  tlie  respiratory  mcchan- 
!Sin+  as  the  closing  of  the  branchial  fissures,  indicating  a  connection  be- 
tween their  production  and  the  activity  of  interstitial  oxidation. 

It  has  been  previously  stated  that  tlic  bodies  known  as  Pcyer's  glands 
rcyi;r*s  iiotliufl  arc  to  be  regarded  as  belonging  to  the  absorbent  rather  than 
i'he"utt' T"'"  "^"^  digestive  apparatus.  In  structure  fhej'  are  analcigoua  fo 
tcm.  the  lymphatic  and  lacteal  glands,  consisting  of  a  capsule 

containing  granular  material,  in  which  loops  of  capillary  blood-vcsseU 
are  laid.  From  thesie  proceed  many  lacteal  vessels,  as  may  be  ver}* 
plainly  observed  during  digestion*  Their  functions  would  therefore  seem 
to  be  the  submitting  of  the  chyle  to  the  Bimultaneous  inHuence  of  the 
blood  brought  by  tlie  arterial  capillaries,  and  the  pulpy  material  or  gran- 
ular plasma  they  contain.  Tlicy  are,  in  reality,  dilatations  of  the  absorb- 
ent veasels,  accomphabing  in  a  small  space  a  result  which  would  other- 
wise demand  a  very  long  lacteal  tube,  and  probably  not  impressing  any 
other  change  on  the  chyle  than  that  which  would  have  occurred  in  sucli 
a  tnbe,  it'  of  autficient  length. 

It  is  not  possible  clearly  to  understand  the  functions  of  the  lacteala 
stniL-turc  and   ^'i^hout  0,  descriptJon  of  the  structure  and  functions  of  the 
fiiiitiLiiTisurihe  lymphatics,  for  these  veasels  conspire  in  their  action, 
ymj,  miiLii.  AnatotJiical,  chemical,  and    physiological    considerations 

lead  U3  to  conclude  that  the  formation  of  the  lymi^hatic  system  is 
closely  allied  to  that  of  the  j^AtTTEAi-  The  two  classes  of  vessels  make 
tlieir  appcjirance  together  in  fishes;  the  lymphatics  originate  in  a  net- 
work of  delicate  tubes,  but  are  disseminated  tlirough  all  the  soft  tij^sues 
except  the  nervouSi  and  are  found  especially  in  the  skin.     The  fine  ini- 
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tial  tnbea  gradually  coalesce,  producing  those  that  are  of  a  larger  diame- 
tCTj  and  these  pas*  Uirough  gknd^,  which  might  indeed  be  regarded  as 
mere  plexuses,  and  eventually  empty  into  the  veins. 

A  iew  minutes  after  it  has  been  drawn,  the  lynipli  coagulates  into  a 
colorless  clot,  and  then  exhibits  contraction.  Compared  with  proiienica  of 
blood  in  like  circumstances,  the  clot  of  lymph  ia  small  in  re-  'r'"i'''' 
lation  to  the  aerous  portion.  In  other  reapecta  there  is  a  general  resem- 
blance between  lymph  and  blood  free  from  its  red  cells,  the  tibrin  and 
the  albumen  being  ap]>arently  the  aame  in  the  two  cases.  The  saUne 
constituents- are  not  only  the  same,  but  bear  the  aame  ratio  to  one  an- 
other in  the  two  fluids.  Their  absolute  [wrcentage  amount  dift(;raT  be- 
cause the  l^inph  contains  a  larger  proportion  of  water  than  the  blood. 

The  lymph  arising,  as  we  shall  iind,  by  transudation  from  the  capil- 
laries, must  obviousiy  vary  in  different  parts,  those  parts  takinj^  from 
the  blood  the  materiaLs  they  require  for  tlieir  nutrition,  and  yielding  to 
it  the  products  that  have  arisen  during  their  waste.  Whatever  in  this 
manner  changes  the  composition  of  tlie  blood,  must  also  ocMsion  a  cliange 
in  the  transuded  liquid.  Thus  Sclimidt  has  shown  ti;at  protein  bodies 
transude  through  the  capillaries  of  the  pleura  most  copiously ;  tlirough 
those  of  the  peritoneum  not  to  half  that  amount ;  through  tliosc  of  the 
brain  and  those  of  the  subcutsJicous  areolar  tissue  to  a  less  and  less  ex- 
tent. Not  only  must  the  material  tlms  oozing  from  the  capillaries  vary  in 
difierent  regions,  because  of  variations  in  the  niedianical  constitution  of 
those  vessels,  but  it  must  also  change  even  in  tlic  aame  locality,  through 
temporary  accidents,,  such  as  changes  in  the  velocity  with  which  the  blood 
is  flowing.  An  attempt  has  been  made  to  show  that  tlie  transudation  will 
be  richest  in  albumen  as  the  blood  current  in  the  capillaries  is  slower. 

When  the  contents  of  the  lymphatic  vessels  are  submitted  to  analysis, 
and  compared  with  the  chyle,  a  striking  difference  is  appar-  f „tiii.«sition  of 
ent.  The  chyle  contains,  as  lias  been  already  stated,  large  h'^v^^- 
but  variable  proportions  of  tat  or  oil  in  an  extremely  subdivided  state, 
from  which  the  lymph  is  free.  The  leading  solid  constituent  of  the 
lymph  ia  albumen,  and  this  indicates  the  use  of  the  system. 

(^iftposititm  of  fjgmph. 
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The  functional  connection  between  the  lactcals  and  lymph  vessels  is 
very  well  illus,trated  by  the  following  analysis,  whieli  ex-  FasiiniL' chyle 
hibita  the  composition  of  cliyle  obtained  from  the  thoracic  '*  b^i't- 
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duct  of  a  man  who  died  from  aoftening  of  the  brain,  and  who  took  noth- 
ing but  a  little  water  for  30  hours  preceding  his  death.     (L'Heritier.) 

Comjtoaitioji  of  Oiyk  a/itr  faslinrj. 

WKlcr , 924.3C 

Fat 6.10 

Fibrin 3.20 

Alhiunen 60.02 

Baltft .-, 7.32 

1000,00 

The  constitution  of  the  chyle  ao  nearly  approaches  that  of  the  lymphs 
P  if  '''^'-  '^'^  ^^^  authorized  to  conclude  that,  during  faatJng,  the 

lj-Bi|,ii  *uii        lacteals  transmit  lymph,  and  the  conclusion  gives  force  to 

'    '  the  observation  already  tnade,  that  tho  albumen  of  chyle  Is 

deriv^ed  rather  from  the  blood  capillaries  than  from  the  digested  food. 
t^         .       r       On  conipjiTin<?  tofjcthcr  the  salts  of  the  scrum  of  the  blood 
the  lyuipii  aiij  and  those  of  the  lymph  as  obtained  from  the  horse,  they  sp- 
|jcar  to  comciac. 

Sfllu  nf  Sfnim.  and  L^mjih. 
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From  the  indications  presented  in  these  tables,  there  can  be  no  doubt 
rt^  ,  ,  that  the  office  of  the  lymphatics  is  to  collect  the  albuminous 
lymphaUc  *y9-  matters  which  have  every  where  transuded  from  the  blood- 
^*™'  veaaelflT  or  been  set  free  by  changes  going  on  in  the  soft 

parts.  Such  matters,  though  they  may  be  regarded  as  being  in  one 
sense  dead,  are  yet  as  appKeable  for  the  further  support  of  the  mechan- 
iam  as  are  the  albunienoid  bodiea  introduced  as  food,  and  said  to  Ijc 
taken  up  by  the  lacteals.  The  last  table  shows  that  the  lymph  is  really 
nothing  but  a  diluted  serum-  A  mechanism  is  therefore  resorted  to  to 
turn  this  collected  albumen  into  fibrin,  and  thus  arises  a  lymphatic  gland 
—a  contrivance  which  tends  greatly  to  compactness.  This  structure  la 
-  ,  the  countci"part  of  the  mesenteric  or  lacteal  gland.     It  may  be 

lymp!)utic  dcscrihcd  as  originating  from  the  coalescence  of  two  or  three 
^^  *■  l_\-mjdi  vepsels,  whicli,  casting  off  their  external  coat  aa  they 
enter  the  gland,  anastomose  with  one  another  in  various  waya^  so  as  to 
form  plexuses  and  convolutions.  The  capsule  of  the  gland,  strengthen- 
ed by  the  coat  it  has  received  from  the  entering  vessels,  sends  forth  par- 
tition-like processes,  which  dip  down  into  the  grayish  pulpy  material 
filling  the  interstices.  On  their  emergence  from  the  gland  the  vessels 
recover  from  it  their  external  coat,  and,  during  their  passage  through  it 
in  llieir  naked  state,  blood-vessels  are  distributed  upon  them.     The  ob- 
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Fi"-  34. 


LrrapbiiUci 'of  tb-B  large  iDle'ttlnr. 


ject  of  the  arrangenicnt  seems  to  be  to  submit  the  liquid  contained  in 
Ihc  lymph  veeacl  to  the  action  of  tlic  pulpy  inalerial  of  the  gland  and  bt- 
terifil  hlood  under  the  most  favorable  circumatanccs,  the  thinness  of  the 
wall  and  tlie  convolved  plexus  being  wcJI  adapted  to  timt  end. 

J^iff,  34  illustrates  the  l^Tnphat- 
ics  of  the  large  intestine,  the  ad- 
joining (>arts  lH!ingcut  or  displaced 
to  display  them;  a,  u,  ascending 
and  transverse  colon  drawn  aside; 
A,  ff,  descending  colon  and  its  sig- 
moid flexure  drawn  aside  ;  r,  cce- 
cum ;  d■^  stomach ;  e,  duodenum ; 
f,  jejunum  cut ;  y,  A,  /^  lyniplmties 
and  their  glands.  In  such  an  ar- 
rangement as  this,  the  lymph  ig  far 
more  perfectly  exposed  to  the  in- 
fluences to  which  it  has  to  be  sub- 
mitted than  it  could  posi^Ibly  be  in 
straight  tube^.  In  reptiles,  how- 
ever, tills  package  is  not  resorted 
to,  and  the  tubes,  being  spread  out, 
give  the  false  appearance  of  agreat- 
er  development  to  this  syslem  than  in  the  higher  triljcs.  In  the  mam- 
malia, according  to  Professor  Good-'^ir,  nvhcrcrer  the  lymph  tube  enters 
the  gland,  it  changea  ita  internal  constitution,  losing  the  seale-likc  cover- 
ing that  ita  inner  coat  presented,  and  offering  a.  numcrou3  development 
of  nucleflted  cells,  many  of  wiiich  adhere  to  the  membrane  beneath,  but 
many  float  away  aiid  drift  with  the  lymph  in  ita  course.  There  ia  a 
constant  reprodnction  of  these  organisms,  and  they  seem  to  be  eonnccteil 
with  a  cliance  in  the  albuntenoid  constituent  of  the  lymph,  „  ,  . 
turning  it  into  fibrin.  And  thus,  if  examination  ia  made  of  flirin  in  ij-mf,|j 
the  lympli  Lelbre.  it  enters  a  gland  and  after  it  has  passed  ^'^"  ^' 
through,  in  the  former  instance  it  seems  to  difier  but  little  from  the  liquor 
sanguinis,  or  serous  portion  of  the  blood,  us  has  been  already  shown,  but 
in  the  latter  fibrin  begins  to  abound. 

X'rofessor  f  loodsir'a  view  U  represented  in  the  diagram,  J^ig.  .^5,  show- 

^f^'^  ing  the  scale-like  ep- 

itiielial  cells  of  thi'i 
lympiiatic  tube  cbang- 
ing  into  the  nuclealeil 
CcUb  of  the  gland. 

DlaRnmof  A  Ivnipli  gUod,  EvotDtton  of  cfilla  En  lymph  elaniL  J*  l'^-    '^^    lllustlHteS' 

the  generation  of  broods  of  celU,  some  being  attrtohcd  and  aome  tree. 

G 


88  pBonrcTioN  op  fibrju. 

Some  cliemistB,  adopting  tKe  views  of  Liebig  respecting  the  essential 
Fibrin  not  an  difference  Letween  blood  fibrin  and  muscle  librin,  look  upon 
effete  hotiy.  ^]jg  former  substance,  not  as  a  hiatogenetic,  but  as  an  effete 
body,  a  conclusion  whiclij  of  course,  would  have  an  important  bearing 
upon  the  intcriiretaliom  of  the  fmietjon  of  the  glands  as  here  given,  as  like^ 
wise  upon  that  in  the  corresponding  case  of  the  chyle.  The  weight  of 
physiological  evidence  is,  however,  so  strongly  against  this  doctrine,  that 
we  are  constrained  to  retain  tlie  old  one,  and  therefore  to  regard  the  pro- 
duction of  fibrin,  03  one  of  the  important  duties  of  the  lymphatic  system. 

The  absorbent  vessels,  wliether  lacteals  or  lymphaties,  have  therefore 
1^  ,  ,  ft  common  duty  of  clianging  alburainosc  or  albunu'.n  into 
proiluriioniind  iibrin,  and  thereby  of  compensating  for  the  constaiit  waste  of 
quati  It/.  ^j^^^  substance  which  i^  going  on  in  the  wear  and  tear  of 

ihe  muacular  system.  Tlic  constitution  of  the  urine  proves  that  the 
amoimt  of  muscular  fibrin  destroyed  in  short  periods  of  time. is  very 
great.  We  can  not  estimate  the  hourly  consumption  at  less  than  62 
graina,  Sudi  a  w^astc  must  demand  an  equivalent  compensation,  if 
the  animal  mechanism  ia  to  be  kept  up  uniropairedT  and  every  care  is 
therefore  taken  to  omit  no  means  which  may  incidentally  offer  for  hus- 
banding the  necessary  materials.  The  action  of  the  lymphatics  illus- 
tratea  this  principle  significantly.  Pasafng  through  all  the  soft  solids 
where  exudation  of  albumen  from  the  blood-vessels  can  take  place,  tliey 
collect  the  materials  that  would  otherwise  go  to  waste^  and  add  thereto 
many  of  the  products  arising  from  the  disintegration  and  decay  of  the 
3oft  parts  themselves.  Keeeiving  all  the-^iej  they  transmit  them  ihrougli 
their  winding3  in  the  glanda,  and  tliua  submit  them  to  the  action  of  the 
innumerable  ecUa  which  arc  tliere  coming  into  exiBtence.  As  in  the  egg 
of  a  bird,  in  which,  as  tlic  albumen  slowly  disappears,  the  muscular  tis- 
sues of  the  young  cliickcn  arise,  so  here  the  serous  portion  disappears, 
and  librin  romcs  in  its  stead,  and  this  is  liurried  forward  lo  the  torrent 
of  the  circulation^  and  tlyown  into  the  blood-vessels,  to  be  by  tliem  dia- 
tributcd  to  all  ports  of  the  mechanism,  wherever  the  muscular  tissues  are 
in  want  of  repair. 

But,  besides  tliis  functton  of  ihe  elaboration  of  fibrin,  there  can  be  no 
nutaneous  quGSfion  thflt  the  lymphatics  have  other  incidental  uses, 
.lymphaiic  ab-  Many  facts  are  known  wliich  prove  that  t]iosc  of  the  skin 
sorption.  cxeit  s  powcrful  agency  in  absorbing  liquid  materiah     Thus 

a  person  who  has  abstained  from  water  will,  after  he  has  immersed  his 
body  in  a  bath,  not  only  find  his  weigiit  increased,  but  the  sensation  of 
thirst  abated.  Instances  of  the  kind  are  on  record  where  sailors,  in  open 
boats  without  fresh  water,  have  asfiuaged  the  torments  of  thirst  by  im- 
mersing their  bodies  in  the  sea.  Nay,  it  is  even  asserted  tiiat  in  certain 
conditiona  water  may  thus  be  obtained  fcom  the  atniosphcnc  air,  and  in 
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all  ancli  cases  every  thing  points  out  that  the  lymphatic  veaacla  arc  the 
avenues  through  which  the  liquid  ia  introduced. 

In  what  manner  tloc3  the  lymph  move?  In  reptiles  there  are  found 
what  are  termed  lymphatic  hearts,  which  are  mereiy  dilated  causnufth-? 
imrtions  of  a  tuhc  exhibiting  pulsation.  Of  tlies*e,  in  the  "^"^  "'  lympii. 
frog,  two  pairs  may  be  discnvercd,  one  "behind  the  hip-jointt  and  Mtuated 
so  superficially  that  the  motions  can  be  plainly  &een  ;  the  other  is  at  the 
anterior  part  of  the  chest.  The  pulsating  mfivcnienta  of  these  organs,  of 
coarse,  impel  the  liquid  acted  on  in  the  direction  di-termincd  by  the  valvea 
with  which  llie  ressels  are  so  profusely  supplied,  that  is,  to  the  general 
urculation,  and  the  lymph  finally  enters  the  blood-vessels. 

Bat  in  the  higher  tribes  these  ort^anfl  of  impulsion  are  absent,  and  the 
drculation  through  the  vessels  is  determined  by  the  agencies  mentioned 
in  the  case  of  the  lacteals,  Ist.  By  the  constant  accumulation  of  liquid 
at  the  origin  of  the  tube ;  2d.  By  every  muscular  movement,  either  vol- 
untary or  involuntary,  ■which  protluces  a  coraproasion  of  the  tube,  the 
valv«8  all  opening  one  way,  and  tlicrefore  causing  the  included  liquid  to 
paw  in  one  direction  only;  .3^d.  By  the  exlmustive  action  at  the  rrtonth 
of  the  lymphatic,  arising  from  the  passage  of  the  blood.  It  ought,  per- 
haps, to  he  prominently  pointed  out,  na  Iwlongtrig  to  the  second  of  these 
causes,  that  the  pulsatioti  of  tlie  arterial  trunks  adjacent  to  any  lym- 
p  phatic  brings  the  power  of  the  heart  itself  into  operation  in  an  indirect 
way. 

Though  the  ahsorbents  will  receive  many  different  bodies  and  transmit 

them  to  the  veins,  the  action  docs  not  take  place  in  an  in-    , 

'  _  1  ApparfT>t  HP- 

discriminate  manner.     Certain  substances,  such  as  llif!  fatg  iwtinp:  ptiww 

and  albumen,  (ind  a  ready  entrance,  but  admission  to  others  '  "  '^'"  "" 
13  wholly  denied.  Thus  it  ]iaa  long  been  known  that  if  coloring  matter 
be  introduced  into  the  intestine,  it  by  no  means  follows  that  the  chyle 
win  be  tinged.  If  an  anima]  be  compelled  to  take  litmus-water,  the 
chyle  will  still  be  found  colorless  or  white.  On  such  fiictg  was  founded 
the  old  doctrine  that  these  or^ns  possess  a  low  species  of  intelligence, 
distinguisliing  among  different  substances,  permitting  some  to  enter 
them,  and  refusing  a  passage  to  others.  Many  years  ago  I  sJiowcd  that 
these  fanciful  cases  are  capable  of  a  simple  physical  explanation.  Thus 
I  found  that  if  blue  litmus  water  was  tied  up  in  a  bladder,  or  a  piece  of 
peritoneum,  and  sunk  in  a  vessel  of  alcohol,  though  the  water  woiihl  rap- 
idly infiltrate  into  the  alcohol,  the  coloring  matter  would  be  stopped  just 
B4  it  is  in  the  intestine.  But.  in  reality,  there  is  no  need  of  such  experi- 
ments to  satisfy  us  of  the  fictitious  natute  of  this  selecting  jwwer.  If 
we  fill  a  lamp  half  full  of  oil  and  half  of  water,  and  immerse  in  it  a  wick 
long  enough  to  dip  into  Iwtli,  if  the  wick  Ihs  previously  soaked  in  oil,  it 
will  withdraw  from  the  lump  oil  alone,  and  continue  to  do  80  until  the 


L 


100  FOKUATIUN    OF   FIEBIM* 

lamp  ceases  to  bum;  but  if  it  be  first  soaked  in  water,  it  will  whoUv 
refuse  to  take  the  oil,  and  remove  the  water  alone,  until  oil  is  escaped  by 
evaporation.  But  did  ever  any  one  impute  to  the  wick  of  a  lamp  m 
power  of  intellectuality,  no  matter  how  obscure^  or  auppose  that  there 
\i  any  tiling-  mysterious  in  such  a  8clci:ting  operation  ?  A  peri)etual  refer- 
ence of  the  moat  common  facta  to  mysterious  agencies  has  been  the  great 
barrier  to  the  advance  of  medical  science.  This  system  waa  introduced 
by  the  alcbcniiats  and  quacks  of  the  iliddle  Ages,  and  even  now  it  will 
take  many  books  and  many  years  before  physiology  can  be  rescued  from 
auch  visionary  theories. 

From  the  point  to  which  our  descriptions  liave  brought  us,  wc  havo 
r  cti  n  of  ^^  regard  this  part  of  the  absorbent  mechanism  aa  connected 
liiciesis  and  witli  two  great  animal  funiL'tioiiSt  motion  and  respiration, 
iuh  moLinn  Both  its  divisions,  tlic  lymphatics  and  the  lacteala,  in  prepar- 
and  rcspira-  ing  fibrin  from  albumen,  make  provision  for  the  repair  of  the 
muflcular  tissues,  and  arc  therefore  to  be  reg:arded  as  a  porfion 
of  the  motive  apparatus.  But  the  lactcala  arc  charged  with  a  further 
duty,  and  in  a  double  manner  arc  connected  with  tlic  respiratory  mcchan- 
lim,  for  they  not  only  introduce  fata  into  the  system,  but  give  origin  tu 
ihe  cells  of  the  blood,  wJuch  are  the  carriers  of  oxygen. 

Wc  may  therefore  close  this  chapter  with  a  few  remarks^  1st.  On  the 
connection  of  the  ab-wrbcnt  ayatcm  with  the  provisiona  for  motion;  2d. 
On  its  connection  with  the  respiratory  function,  as  inore  particularly  dis- 
played by  the  preparation  of  blood-cells. 

lat  The  connection  of  the  absorbent  system  with  the  provisions  for 
motion  is  tlirough  its  fimction  of  prepariiig  fibrin  from  albumen. 

From  the  membrane  which  lines  the  plexus  of  tnbc-'^  of  which  the  mes- 
Fabricntioa  enteric  aud  lymphatic  glands  are  comjresed,  crowds  of  nucleated 
of  fiL>rm.  cells  arc  contLuually  arising.  As  to  the  function  of  these  cells, 
there  can  Ije  little  doubt  that  it  is  in  part  to  effect  the  trauslalion  of  n 
portion  of  albumen,  which  iias  Ixcn  introduced  along  with  the  oU  glob- 
ules^ into  fibrin,  and  accordingly  wc  find  that  the  chyle,  analyzed  at  dif- 
ferent parts  of  its  course,  yields  different  products.  As  lia.^?  been  stated 
already,  inlcrceptcd  before  its  jiasaagc  through  these  glands,  very  little 
fibrin  is  found,  but  collected  from  points  beyond,  the  quantity  of  fibrin 
steadily  increases  and  that  of  albumen  declines.  TJie  plexus  of  tubes 
has  therefore  for  its  object  to  expose  its  contents  to  the  influence  of  the 
cells. 

Now  wliat  are  the  chemical  conditions  under  whicli  the  transmutation 
of  albumen  into  fibrin  takes  place?  The  problem  is  moat  clearly  pre- 
sented in  the  case  of  the  incubation  of  a  bird's  egg.  Tiie  white  of  the 
egg,  consisting  chiefly  of  albumen,  gradually  loses  that  form,  and  passes 
into  the  state  of  fibrin  as  the  dcvclnpmcnt  of  the  musrnlar  tissues  of  the 
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young  chicken  is  effected  ;  but  the  change  can  not  tako  place  except  ox- 
ygen be  received  tEarough  the  ehell ;  and,  indeed,  in  all  cases  in  which  al- 
bumen paasea  into  fibrin,  it  doca  so  only  in  the  presence  of  oxygen. 

But  in  the  case  of  the  absorbent  glands,  from  what  source  does  the 
requisite  oxygen  come  ?  These  glands  have  just  been  de-  jjanncr  in 
scribed  aa  plexuses  of  the  absorbent  tubes,  araone  the  rami-  "'''^^  oxygen 
iication3  01  which  arteries  and  veina  are  abundantly  qistrib-  itio  making  of 
uted,  the  blood  not  getting  access  to  the  interior  of  the  ab-  '''^""■ 
sorbent,  hut  running  in  ita  own  vessels,  a^  it  were»  aide  by  gide,  and 
brandling  on  the  naked  walhs.  of  the  plexus ;  and,  just  as  in  the  placen- 
tal circulation  the  arterial  blood  of  the  motlier  vivifies  or  furnishes  oxy- 
gen to  the  fo:;tal  blood,  so  in  this  instance  the  arterial  blood  enables  the 
cells  to  discharge  their  duty  of  converting  the  albumen  into  fibrin,  which 
passes  onward  to  the  general  circulation  for  the  renovation  of  the  muscu- 
lar tissues. 

Since  the  hourly  consitmption  of  fibrin  may  be  taken  at  62  grains, 
(he  quantity  produced  by  the  action  of  these  ccUs  nm.?t  be  the  same, 
Wc  may  therefore  affirm  that  the  fibrin -producing  inechaniam  yields 
about  one  grain  In  each  minute  of  time. 

2d.  Con tcni porn ncously  witli  the  elaboration  of  fibrin  is  the  develop- 
ment of  the  proper  chyle  corpuscles.     Tlirough  the  evolution    ponnaiioinof 
of  these  and  the  absorption  of  fat,  the  chyle  vessels  present  a   l>lmi<l-«llft- 
connection  with  the  Tcspiratory  apparatus* 

If  any  weight  is  to  be  given  to  the  views  of  Ascherson,  the  occurrence 
of  fat  globules  in  the  chyle  is  e33cnf[aJ  to  these  cellular  productions. 
He  found  tliat  when  globules  of  oil  arc  placed  in  a  aolution  of  albumen, 
they  become  coated  over  with  a  film  of  that  substance  in  a  coagulated 
state,  and  hence  was  led  to  infer  that  lliia  is  the  starting-point  of  cell  pro- 
duction generally. 

The  chyle  corpuscles  arc  the  embryos  of  the  true  red  blood-cells,  the 

latter  being  derived  from  them  by  gradual  development.     As  will  appear 

more  in  detail  when  we  come  to  the  description  of  the  blood,  in  vertex 

brated  animals  there  arc  two  distinct  cLissca  of  red  blood-  _ 

Two  successive 

cells,  which  ap|X!rtain  to  distinct  periods  of  life.     The  first,  fumi?  of  blood- 
which  arc  found  in  man  previously  to  the  time  of  formation  "  * '"  '^**"' 
of  the  chyle  and  lympli,^  aro  micleated,  and  have  the  power  of  reproduc- 
tion by  fissuring  of  the  nucleus. 

But  a  distinct  set  gradually  replaces  the  preceding.  These  cells  have 
no  nucleus;  they  are  flattened,  bi-concave,  and  in  man  circular.  They 
possess  no  power  of  reproduction  cither  by  fissuring  or  otherwise.  Their 
origin  is  from  the  chyle  corpuscle,  the  granular  inferior  of  which  clears 
np,  and  is  succeeded  by  a  deep  red  tint.  The  transition  from  tiie  first 
to  the  second  of  these  forms  takes  place  at  an  early  period,  and  may  be 
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regarded  as  complete  in  tke  htimati  embryo  of  two  monthB  old.  After 
that  time  blood-cella  are  generated  upon  the  second  plan,  from  tlie  chyla 
a>rjm3cle3  alone. 

It  U  a  &igniHcant  circumstance  that  tiiis  transition  from  the  reproduc- 
tive to  the  non-reproductive  blood-cell  ia  coincident  usually  with  the  dis- 
appearance of  the  eitcnial  brun*;bitr,  or  the  closing  of  the  bronchial  lis- 
Burcs.  Tiicre  can  be  no  question  that  the  destined  function  of  the  per- 
fect blood-cell  is  the  introduction  of  oxygen  to  the  system.  In  their  or- 
igin and.  in  their  object  they  are  therefore  in  relation  with  the  rcspiratoiy 
meciiaaism. 


I 


CHAPTER  VI. 


ABSORPTION  BT  THE  BLOOD- VESSELS. 

Proof  (if  Ahuorptian  h^lhe  Bfood  Ciipiltiiria.^OcivrH  a*  a  /Aj/fira!  NicUKiiij. — A^afure  <^  Cap- 
iiiartf  Aftrtu'tiijn, — -/(j  fhenoniima  in  the  Itue  itntt  1  irfirtasum  of'  l^i^iitli!, —  Cnndiliofir  Jaf 
produdug  a  Float  in  a  CitpUhrg  Tuhe. — Pasau-jf.  of  IJ'fmiln  thrtrti^fi  minute.  J'ori's. — liatsral 
i'rvfiitiiioH*  rrsptftiag  (Jtif/iittiry  AlIror.t'on,—JLfi<ia:imonii  anti  i-liosmosii.- — 'fhrtf  tif-pfd  on 
CupiHui'^  Allracciim. — F<jnv  n'/uiVrjvl  wIiicA  t/ifse  Moveitienls  iwjy  tuitt  phiic. — IKusiratitms  (/ 
tcirctinff  PiHcer. —  Ueaerui  View  oftfte  entire  Ftmi:lion  tif  Abxarptiou,  iueltai  ami  PipiOUi. 

That  the  blood-vessels  of  the  stoinach  and  intcatijial  tube  participate 
Substan^canrc  in  the  function  of  absorption  is  demonstrated  by  many  dif- 
SrbWd'^ip-  f*^'"c"t  facts.  Jledicamcnls  placed  in  the  stomach  after  its 
Ularics.  pyloric  oritice  has  been  tied  will  produce  their  speciric  effect 

almost  as  rapidly  aa  under  natural  circumstances ;  and,  since  there  areS 
no  proper  lacteals  upon  that  organ,  and  its  lymphatics  seem  to  be  innde- 
rjualc,  ihc  absoriJtioii  of  these  agents  can  have  taken  place  through  the 
hlood-vessels  only,  H 

This  conclusion  ia  substantiated  by  an  cjcaTui nation  of  the  blood  of 
the  gastric  and  mesenteric  veins.  It  varies  with  the  stage  of  diges- 
tion and  the  nature  of  the  food.  At  first  there  ia  a  gf  ncral  lowering  o&M 
the  percentage  amount  of  the  solid  ingredients,  this  being  cvidc-ntly  the 
result  of  the  absorption  of  water.  At  a  more  advanced  pciiod,  the  rela- 
tive proportion  of  albumen,  or  rather  of  nlburainose,  rises,  and  along  witbfl 
it  the  cxtracEive,  gelatine,  and  sugar  increase.  As  with  the  chyle  in  the 
lacteals,  so  with  the  blood  in  the  mGacnteric  veins,  coagulation,  takea 
place  imppifcctly,  or  pcvhaps  not  at  all.  It  is  stated  that  the  mesen- 
teric blood  of  a  fasting  animal  does  not  differ  from  the  ordiuary  venouB 
blood. 

The  position  of  the  blood-vessels,  both  on  the  mucous  surface  of  the 
stomach  and  particularly  on  the  villi  of  the  intestine,  is  favorable  to  the 
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discharge  of  this  fiinetion.  Tlte  tenn  venous  absorption,  employed  to 
express  it,  is  pcrhap:^  sonicwhiiit  incorrect,  since  there  is  no  rcLison  that  a 
venou3  capillary  should  have  any  advantage  over  an  arterial  one  in  this 
respect.  Tiie  rapidity  with  which  substances  in  a  state  of  solution  are 
taken  up  from  these  cavities  lias  Lcen  well  demonstrated  by  such  in- 
stances as  tliose  of  the  detection  of  the  fcrrocyanidc  of  potassium  in  the 
mine  within  2.J  minutes  of  its  having  been  deposited  in  the  stomach,  or 
by  the  death  of  dog^  in  a  similar  short  period  after  strong  alcohol  had 
been  administered  to  tlicm,  their  blood  being  found  to  be  charged  with 
that  combustible  substance. 

Among  substances  thus  finding  their  way  into  the  circulation  by  di- 
rect vascular  absorption  may  be  enumerated  such  soluble  salts  as  have 
little  affinity  for  the  tissues,  mineral  aud  organic  acids,  alcohol,  ether, 
volatile  oils,  vegetable  aikaloids^  and  coloring  matters,  as  those  of  rhu- 
barb, madder,  gamboge. 

In  fact,  if  there  were  not  these  physiological  considerations,  we  shoxJd 
have  to  admit  absorption  by  the  blood-vessels  as  a  mat-  Absprpiioa  by 
tcr  of  i>hvsical  necessity :  for,  under  the  circumstances  of  ''^''  i'i'«'i-vc«- 
their  situation,  tbsy  must  take  up  soluble  matters  presented  phvakftiiieceB- 
to  them.  Through  the  pon:a  of  tlieir  delicate  structure  sub-  *'*^- 
stances  in  the  lirjuid  state  will  pass  to  mingle  with  the  blood. 

Though  wc  have  treated  of  respinitorj'  or  lacteal  absorption  as  specif- 
ically dii'tiuct  from  absorjjlion,  by  tlic  blood-vessels,  the  e ire um stances 
here  alluded  to  evidenlly  point  out  that  the  resulting  action  of  the  villi 
of  the  intestines  is  of  a  raixed  kind;  for,  tliougb  the  epiliiclial  cells  and 
the  commencing  pouch  of  tbo  lacteal  may  cscrt  a  definite  intluciice,  the 
network  of  blood-vessels  whicli  lies  immediately  beneath  the  e].iit]ieliuni 
must  be  engaged  in  preciscdy  the  same  manner  as  the  nutvvovk  of  blood- 
vessels between  the  gastric  follicles.  The  permeation  of  the  walls  of 
these  tubes  by  substances  in  a  state  of  solution  is  dc-pendfent,  as  we  are 
now  to  see,  upon  a  purely  physical  principle,  whieh  is  just  as  applicable 
ift  the  One  case  as  it  is  in  the  other.  The  leading  solid  ingredients  of 
the  chyle  being  fat  and  albumen,  the  former  i.s  perhaps  introduced  by  the 
proper  lacteal  structure,  and  the  latter,  taken  up  by  the  vascular  network, 
exudes  in  part  again  from  it  into  the  lacteal  arrangement. 

In  the  case  of  absorption,  as  in  that  of*  respiration,  hereafter  to  be  de- 
fiCTtbed,  there  is  a  physical  principle  in  opei-ation  which  it  is  necessar}' 
to  understand.  I  shall  proceed  to  explain  it  on  this  occasion  as  far  as  is 
needful  for  the  present  purpose,  and  complete  the  description  in  the  chap- 
ter on  the  function  of  respiration.  The  peculiar  views  here  set  forth, 
ao  far  as  they  differ  from  those  ordinarily  expressed,  I  believe  to  be 
warranted  by  ray  own  experiments  clsewlicrc  published. 

The  absorbent  action  of  the  blood-vessels  depends  on  the  force  known 
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Cwpmsry    among  physical  writers  ag  capillahy  attbactioN-     Its  tULtare 
■tinittion.  u,ay  ]j^  illustrated  as  foliows: 

If  a  piece  of  glass  be  laid  on  the  surface  of  quicksilver,  it  in  so  power- 
fully attracted  thereto  as  to  require  the  exertion  of  considerable  force  to 
lift  it  off.  Natural  philosophers  generally  regard  this  as  n  force  sui  ge- 
neris, and  speak  of  it  under  the  title  of  capillary  attraction.  I  believe  it 
13  nothing  but  an  ordinary  electrical  piiononietion,  since,  if  the  glass  be 
examined,  it  will  be  foiuid  tcrbe  in  a  positively  electrified  stnte,  and  thft* 
quicksilver  negative,  and  under  the  general  law  of  electricity,  known  aa ' 
that  of  Dufay,  attmction  must  bo  the  result. 

If  the  glass  be  laid  upon  the  surface  of  water,  there  is 
an  attraction  as  before.  On  lifting  it,  liowcvcr,  there  is 
no  electrical  nianifcstation*  Tlie  reafiion  of  this  is  plain. 
On  examining  this  glass,  it  will  be  found  that  no  true 
separation  of  it  from  ihe  water  baa  taken  place.  A  lilm 
of  water  is  still  attached  to  it,  or,  in  other  words,  it  is 

If  a  slender  glass  tube,  b.  Fig.  37,be  dipped  into  a  liquid, 
EleTBiLOTi  mull  (]■,  </,  which  can  not  wet  it,  ae,  for  example, 
HqS"^  quicksilver,  the  liquid  is  depressed  as  at  c, 
ilUry  iiaiwi.  and  does  not  rise  to  its  proper  hydrostatic 
level,  ot,  pcrhapa,  altogether  refiises  to  enter  the  lube. 

F^Q.  38.  If  a  slender  glass  tube,  i.  Fig.  38,  be  dipped  into 

a  liquid, «,  «,  which  can  wet  it,  as,  for  example,  water, 
the  liquid  at  once  rises  in  the  tube,  us  at  c,  to  a  height  ^ 
whieli  ia  greater  in  proportion  as  the  diameter  of  ttief 
tube  is  leas.     It  is  this  phenomenon  which  lias  given 
the  designation   capillary  attraction^  because  it  ia  m 
best  seen  in  tubes  aa  fine  as  a  hair  (capillua).  f 

Now  if  there  be  a  tube  of  such  a  diameter  that  it 
could  ttiua  lil't  water  ten  inches,  and  it  be  broken  off 
30  as  to  Ixj  oidy  six  inches  long,  we  might  inquire 
whether  the  water  would  overflow  from  its  top,  or 
simply  remain  suspended. 
Mathematical  considerations  as  well  as  direct  experiments  prove  that, 
in  audi  a  case,  there  would  be  no  overflow*     A  capillary  tube  under 
these  circumstances  simply  lifts  the  water,  but  can  not  produce  a  contin- 
uous current. 

But  if  a  removal  of  the  water  at  the  top  of  the  tube  takes  place  in  any 

„    J..  .      ,      manner,  as,  for  instance,  by  cvnporation,  or  by  beiiiE  dissolved 
Con<liiLoiiB  for  '  ^    J         I  '         »f  b 

ppoduciogn      away,  then  a  continuous  current  is  produced.     This  fact  cx- 
'^^'  plains  the  phenomena  of  cndosmoais,  presently  to  be  d&- 
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Aa  illustrative  of  the  production  of  a  continuous  flow,  wp  may  cite  the 
case  of  a  spirit- lamp^  the  wick  of  which  may  Imi  regarded  as  a  bundle  of 
capillary  tubes.  If  the  cover  of  the  lamp  be  taken  otf,  all  tlie  spirit  will 
pasa  up  the  wifk  and  escape  by  evaporation.  Or  in  an  oil-lamp,  the  wick 
of  w^liifh  becomes  readily  saturated  with  flic  liquid,  but  never  exhibits 
any  overflow,  on  the  lamp  being  kindled,  the  oil  ia  burned  oif,  and  a  cur- 
rent is  at  once  established. 

I  have  shown  tliat  water  will  pass  through  a  crevice,  the  width  of  which 
LB  less  than  one  half  of  the  millionth  of  an  inch.  Pores  or  T.i.iqi<lH  pai* 
crevices  of  such  a  dimension  arc  invisible  even  with  a  micro-  L|"'u.^l  p^T 

scope.  icea  ai  paten. 

The  e\'idcnce  in  proof  of  this  is  very  readily  obtained  experimentally- 

J^B*. If  we  take  a  convex  lens,  a,  a,,  of 

^^^^^^^^^^^^^^^^^^  l^^^^o  radiu^-'i  nnd  place  it  upon  a  glnss 
j|m^H^^^|^^^^^^^^^^H^  plane,  bf  bf  there  will  be  seen  at  the 
p»*MBv(.f  *«toj-iiir.ugh  nrtevicf.  poirt  of  contact,  f,  on  lootiing  down 

upon  the  arrangement,  a  black  spot  sxirronndcd  by  a  aciies  of  variously 
colored  concentric  circles,  the  appearance  being  well  known  among  op- 
tical  writers  under  the  name  of  Newton's  colored  rin^s.  At  the  point 
of  apparent  contact*  c,  the  Ions  and  llie  pbme  are,  as  Xcufon  Ii-.xh  shown, 
a  distance  apai't  of  about  the  one  half  of  the  millionth  of  an  inch,  and 
from  this  central  point,  proceeding  outwardly,  tiie  distance  bel^veen  the 
glasses,  of  course,  increases*  If  any  wlicrc  at  the  outer  portion  a  drop 
of  water  be  introduced,  it  extends  itself  innfunlly  across  all  the  colored 
rings,  reaching  even  across  tlic  central  black  Ppot- 

The  three  following  general  propasitioiia  present  those  plie-  Cn-nprnl  ^ropo- 
nomena  of  capillary  attraction  which  arc  most  interesting  in  "j^^'^yi'j^JJ,^'''" 
a  physiological  point  of  view.  attraiiiun. 

1st.  If  the  force  of  attraction  of  the  particica  of  a  solid  for  those  of  a 
liquid  be  not  equal  to  /talf  tlie  cohesive  force  of  the  latter  for  each  other, 
the  liquid  will  refuse  to  jiass  tlirougli  a  pore  of  that  solid  Bub.'itaiicc,  and, 
in  a  capillary  tube  consisting  of  it,  wiU  be  depressed  below  its  Iiydro- 
fitatic  level. 

2d.  If  the  force  of  attraction  of  the  particles  of  a  solid  for  those  of  a 
liquid  execcds  fi'f/f  the  cohesive  force  of  the  latter  for  each  other,  but  is 
not  equal  to  the  wtiole  force,  tlie  liquid  will  pass  tlirougii  a  pore  of  that 
solid  substance,  and,  in  a  capillary  tube  of  it,  will  rise  above  its  Iiydro- 
atatic  level. 

3d.  If  the  force  of  nttrn^tion  of  the  particles  of  a  solid  for  those  of  a 
liquid  exceeds  the  whole  cohesive  force  of  the  latter,  chemical  union  be- 
tween them  ensues. 

It  would  not  be  consistent  with  the  plan  of  this  work  to  ofler  a  dem- 
onatration  of  these  propositions ;  nevertheless,  they  are  capable  of  rigor- 
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0U3  mfltKbmatical  and  physical  proofs  The  views  I  am  here  presenting 
enable  ua  to  include  tlie  pressures  between  eolids  and  liquids,  the  rise  or 
depression  of  liqnida  in  capillary  tubes,  and  the  phenomena  of  chetnieal 
affinity  in  the  same  general  expre^ssion.  And  such  a  co-ordination  ia  the 
more  valuable,  since  there  has  been  a  disposilion  among  phyeiologista  to 
regard  the  inEroduction  of  material  tlirough  tho  pores  of  oi^aiiized  textures 
as  dependent  on  some  ill-deHued  or  myslerious  principle. 

The  phenomena  of  cndosmosis,  first  brought  to  general  notice  in  the 
EndofliBoMs  case  of  liquid  substances  by  M.  Dutrochct,  may  be  explain- 
■Qdexoamoaia.  p^|  j^g  foUows :  If  somc  alcoliol  Ijg  placpd  in  a  bladder,  the 
neck  of  which  is  tightly  tied,  and  the  bhidder  be  sunk  in  a  vessel  of 
water,  a  percolation  ensues,  so  that  the  bladder  distends  to  its  utmoBt 
capacity,  and  niip;ht  even  be  bural.  Or,  winch  ia  a  bettpr  method  of 
showing  the  residt,  if,  instetid  of  tying  the  mouth  of  the  bladder,  a  glass 
tube,  open  at  both  ends,  and  a  foot  or  two  long,  be  fastened  into  it  with- 
out leakage^  as  the  water  introduces  it&clf  through  the  pore-*?  of  the  blad- 
der to  mingle  with  the  alcohol,  the  li(]uid  rises  in  the  glass  tube,  sup- 
posed to  be  left  in  a  vertical  position,  and»  when  it  has  reached  the  top  of 

it,  overflows.  To  exjiress  this  Inward  pas- 
sage of  the  water  the  term  cndosinosig  was 
introduced,  and  since  a  little  of  tlic  alcohol 
simultaneously  passes  outward  to  mix  with 
the  water,  it  is  said  to  eshihit  exosmosis. 

In  l^'i(j>  40  ia  represented  the  cndosmome- 
tcr  of  Dutrochct.  It  consists  of  a  small  blad- 
der, a,  tightly  lied  to  a  tube,  (/,  which  is  open 
at  both  ends,  and  bent,  as  seen  in  the  figure 
at  f,"  the  bladder  being  completely  filled  with 
nlcohol^  and  the  tube  to  some  euch  point  as 
f/,  the  arrangement  is  to  Ix;  placed  in  a  ves- 
sel of  water,  e  c  ;  almost  immediately  the  level 
of  the  liquid  will  be  seen  to  be  rising,  the 
bend  of  the  tube  is  reached^  and  one  drop  after  another  falls  fi-om  the  open 
end  into  the  glaas,  A.  And  this  continue?  until  the  hqnids  inside  and 
outside  of  the  bladder  are  uniforndy  commhiglcd. 

It  is  to  be  regretted  that  the  tcnnfl  cndosmosis  and  exosmosis  have 
Tli6«s  moT«-  l»™n  accepted  by  physiological  writers,  for  in  these  results 
iiifiiu  arc  ii9-  there  is  nothing  more  than  wJiat  wc  (should  expect  from  the 
[Innry  ntiirac-  known  principles  of  capillary  attraction.  The  pores  of  a 
^"'"-  bladder,  or  of  any  other  such  organic  texture,  are  notlnng  but 

abort  capillary  tubes  into  which  water  readily  finds  its  way,  because  it 
can  wet  the  substance  surrounding  the  pore.  If  the  bladder  be  distended 
with  air,  and  sunk  under  water,  although  the  water  will  fill  the  pores,  it 
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will  not  exude  from  them,  and  iaccumulate  in  the  interior  of  the  viscoai 
for,  a3  we  have  seen,  a  capillary  tube  can  not  establish  a  continued  car- 
rent  or  flow.  But  the  cage  becomes  totally  different  when  the  bladder  is 
mied  with  alcohol ;  for  then,  as  fast  as  the  water  prcscnta  Uaelt'on  the  in- 
ner end  of  the  pore,  it  is  dissolved  away  by  the  alcohol,  and  the  necessary 
condition  for  a  continuous  flow  ia  complied  with.  Meantime,  through 
the  pore  itself  a  little  alcohol  pasaea  in  the  opposite  way  by  iuiiltrating 
through  the  incoming  water,  provided  tliat  the  current  bo  not  too  strong, 
and  flo  endosmosis  of  the  water  and  cxoamoais  of  the  alcohol  take  place» 
the  current  of  the  fonncr  greatly  preponderating  over  tiiat  of  the  latter, 
and  an  accumulation  of  liquid  in  the  interior  of  the  Ufiddcr  ensues. 

That  in  all  this  there  is  nothing  specially  dependent  on  t!ie  organic 
texture  employed  is  obvious  from  the  fact  that  the  same  results  ariae 
when  any  inorganic  porous  body  is  used.  Vessels  of  unglazed  earthen- 
Ware,  piecea  of  baked  slate  or  stucco^  answer  the  purpose  very  well,  aa 
frill  also  a  glass  vessel  wit]i  a  minute  fissure  or  crack  m  it. 

An  incorrect  representation  of  the  conditions  under  which  cndosmoais 
takes  place  is  often  made.  It  is  said  to  depend  on  the  relative  specific 
gravity  of  the  liquids.  Tims  it  13  stated  that  the  lighter  lirpiid  always 
moves  toward  the  denser,  more  abundantly  than  the  denser  to  tlm  lighter. 
The  error  of  this  ia  readily  shown  by  many  simple  ill u^sl rations.  Thus 
water  cndo3mo3e3  equally  well  to  alcohol^  which  is  ligliter  tliaji  it,  and  to 
gum  water  or  salt  water,  which  arc  heavier.  The  relation  of  specific 
gi'avtty  has  nothing  whutcvcr  to  do  with  the  action. 

The  force  with  which  a  liquid  will  thus  pass  througli  a  pore  to  mingle 
with  anotlicr  liquid  beyond  is  very  great*     I  have  observed  F^rrj.  ft;;aSnBt 
these  motions  occurrinff  ajjainst  a  pressure  of  many  atmoa-  ^^"'^^'  '^'t!sa 
pheres.  And,  indecci,  in  practice  wc  have  no  meftns  01  mcasur-  mpy  take 
ing  its  actual  iiitcnsity ;  for  when  a  pressure  of  a  certain  dc-  P'""^" 
gree  has  accumulated,  hydraulic  leakage  takes  place  backward  through 
the  pore»  and  conceals  the  true  action. 

From  the  preceding  statements  respecting  capillary  attraction  and  en- 
dosmosis,  we  may  tlieretorc  conclude  that,  whenever  a  liquid  is  in  con- 
tact with  a  porous  body  the  substance  of  which  it  can  wct,it  will  freely 
pass  into  the  porea  thereof,  and,  if  the  ncccssiiry  conditions  for  its  re- 
moval are  present,  will  percolate  or  transfuse  with  very  great  mechanical 
power;  that  this  will  take  place  through  pores  that  are  not  only  invis- 
ible to  the  eye,  but  imperceptible  by  the  aid  of  the  microscope;  that 
Bome  liquids  pass  thus  with  more  readiness,  some  with  less,  some  not  at 
all— the  result  In  tlicse  respects  depending  on  the  electro-ciicmieal  rela- 
tions subsisting  between  them  and  the  solid  they  arc  in  contact  with, 
and  their  own  force  of  cohesion;  that  organic  membranes  present  no 
peculiarities,  their  action  arising,  not  because  they  are  organic,  but  ho- 
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[>oroii3 ;  that  tlie  so-called  selecting  power  is  purely 
pliysical,  as  are  tiie  separations  amt  apparent  tlccompoai- 
lions  to  which  it  gives  risn.  When  a  drop  of  colored 
water  \n  put  upon  chalk,  the  water  sinks  in,  hut  the  color 
Is  loft  on  tUc  surface.  When  weak  alcohol  is  tied  up 
in  a  bladder,  the  water  will  escape  through  the  porea, 
and  the  spirit  become  anhydrous  at  last. 

If  we  take  a  glass  tuhe»  a,  a,  I^ig.  41,  over  the  lower 
end  of  which  a  pioce  of  pmtoncum,  or  other  delicate 
rneinbranc,  A,  i,  is  tightly  tied,  and  half  fill  it  with  litmus- 
water,  and  then  place  it  in  a  glass  of  alcohol,  c,  tf,  the 
level  of  the  liqulda  inside  and  outside  being  adjusted  ac- 
cording; to  their  specific  gravity,  so  that  tlicre  may  be  no 
hydrostatic  pressure  either  one  way  or  the  other  through 
the  jxirog  of  the  peritoneum — as  aoon  as  the  arrangement 
ta  completed,  if  the  observer  he  so  placed  as  to  view  it  by 
tranamittcd  light,  he  will  see  the  water  descending  from 
the  pores  of  the  peritoneum  in  strite  and  streams  through 
the  alcohol  in  a  perfcclly  colorless  state,    The  membrane, 
therefore,  has  absorbed  and  transmitted  the  water,  but  has  refused  to 
the  coloring  matter  a  passage.     It  ia  to  this  particular  experiment  that 
allusion  waa  made  when  speaking  of  the  non-coloration  of  the  chyle 
when  certain  coloring  material  had  been  mixed  with  the  food.     Such 
illustrations  may  theri-ture  satisfy  us  that  the  selecting  power  of  organic 
porous  textures,  like  that  of  inorganic  oncs^  13  dependent  on  simple 
physical  circumstances,  and  for  these  reasons  I  exclude  from  the  mech- 
anism of  animal  absorption  the  influence  of  any  vital  or  other  mysterious 
principle,  and  adopt  the  sentiment  of  the  Abbe  Ilauy,  that  "those  specious 
causes  and  imaginary  powers,  to  which,  in  the  Middle  Ages,  all  natural 
phenomena,  even  those  of  an  astronomical  kind,  were  referred,  but  which, 
througli  the  genius  of  Newton  and  Laplace,  have  been  banished  from  the 
celestial  spaces,  have  taken  their  last  refuge  in  the  recesses  of  organic 
beings,  and  from  these  retreats  positive  pliilosophy  is  preparing  to  expel 
them.'' 

In  view  of  all  the  preceding  facts,  I  therefore  regard  absorption  by  the 
Saminarvof  ^lood-vessels  RS  taking  place  of  necessity,  be<:au3e  of  the  po- 
lice naiurp  of  roua  structure  of  those  tubes;  for,  though  the  poves  may  be 
a  wrp  on.  ^^^  gmall  to  be  discerned  even  by  microscopic  aid,  they  arc 
H  abundantly  large  enough  to  permit  such  a  percolation,  Wliatever  ma- 
terial is  existing  in  tlie  c!]ymo  in  a  state  of  solution  in  water  and  also 
,  soluble  in  the  bloody  passes  through  tlic  walls  of  the  vessels,  and  is  moved 

B  *  toward  the  liver,  its  percolation  being  greatly  facilitated  by  the  onward 
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itself.  The  double  condition  liei-e  si»ecified  must  be  complied  with;  the 
material  to  be  introduced  must  be  dissolved  in  water,  and  must  be  sol- 
uble in  tiie  blood.  If  the  latter  condition  be  wanting,  the  vessels  aeeni 
to  manifest  a  selecting  power,  absorption  not  taking  place,  as  in  the  cnae 
of  litmus,  presented  above  a3  an  dJustration — a  coloring  mnttcr  which, 
though  soluble  in  water,  ia  not  soluble  in  alcohol,  and  so  can  not,  under 
those  eircura stances,  pass  through  a  piece  of  bladder* 

Wliile  thus  there  is  an  introduction  of  digested  material  from  the  stom- 
ach and  intestine  into  the  blood,  the  ])h}'5ical  principles  which  arc  guid- 
ing us  in  our  explanation  teach  ub  that  there  must  be  a  percolation  of 
the  more  walerj  portions  of  the  blood  in  the  opposite  dii'ection — that  is, 
into  thff  digestive  cavitj".  There  is  every  reason  to  believe  that  this 
percolation  is  to  a  far  greater  amount  than  is  generally  supposed.  Under 
certain  circumstances,  it  is  a  matter  of  ordinary  observation  that  the  wa- 
ter discharged  from  the  intestine  ia  more  in  quantity  than  that  which  has 
been  taken  as  drink. 

Turning  our  attention  now  to  the  course  which  is  followed  by  the  liq- 
uid which  has  been  introduced  from  the  digestive  cavity  rouriw  onte 
into  the  blood-ve.Sisels,  we  must  bear  in  mind  thut  the  con-  abanrbco  mBtc 
tent  of  those  vessels  is  composed  of  two  distinct  portions,  l^^.  t'^udi'iii-j^.* 
the  matter  thua  recently  introduced,  and  the  original  venous  ii'>na  it  under- 
blood*  These  together  make  their  way  through  the  jKiTtal  ^"" 
vein  to  the  liver,  a  gland  of  tlouble  function,  and,  as  we  may  say  in  this 
respect,  of  double  structure  ;  for,  though  it  has  a  duct  for  the  disposal 
of  the  products  which  arise  from  its  action  on  one  portion  of  the  material 
thus  brought  to  it,  the  venous  blood,  it  is  ductless  as  regard?  the  other 
portioHf  which  has  been  received  from  the  digestive  cavity.  This  parlion^ 
under  the  influence  of  the  coll  structUTC  of  the  liver,  undergoes  profound 
modification ;  for  instance,  Uver-sugar  makes  its  appearance,  though  none 
existed  before.  It  ia  not  necessary  for  ua  to  specify  these  changes  par- 
ticularly here,  since  we  shall  have  to  examine  them  more  in  detail  in  a 
subsequent  chiipter;  but  it  may  Iw  obser\Td  that  the  anatomical  pe- 
culiarity of  the  liver  iu  this  branch  of  its  duty  is,  that  it  simply  impresses 
a  change  on  the  conipounJa  thua  brought  to  it,  gives  rise  to  no  exerelions, 
and  therefore  has  no  channel  or  duct  of  escape,  unless  indeed  we  say,  as 
we  are  actually  justified  in  doing,  that  the  licpatic  veins  theniselvea  are 
the  ducts  of  the  liver  in  thia  respect. 

Though  it  does  not  strictly  appertain  to  the  aubjcct  of  which  we  are 
now  speaking,  absorption,  we  may,,  for  tiie  sake  of  completeness,  describe, 
in  A  superficial  manner^  what  occurs  to  the  otlier  constituent  of  the  portal 
blood,  its  projwr  venous  portion.  Thisi,  brought  into  the  liver,  is  acted 
upon  by  that  organ  and  dcconij)03cd  into  two  portions,  one  of  which,  con- 
Btituting  the  bile,  is  brought  back  eventually  through  the  proper  bile  duot 


110  SUMMARY   OF   ABSOKPTION. 

into  the  intestine.  The  other  ia  earricd  into  the  blood  circulation.  I  be- 
lievfi  that  ihia  separation  is  of  a  purely  physical  kind,  and  is  accomplish- 
ed by  mere  HJtration,  the  elements  of  the  bile  all  prerexi-sting  in  the  blood. 
However  that  may  be,  the  separation  in  a  chemical  sense  is  very  distinct, 
tor  the  nitro^nized  ingredients  arc  saved  to  the  system,  and  carried  into 
the  general  circulation  through  the  hepatic  veins;  hut  the  biliary  niate^ 
Ret  a  of  ft  "^^  brought  back  into  the  intestine  ia  a  hydrocarbon  tinctured 
part  la  tho  -ft-itli  a.  littlc  coloring  matter,  which,  being  on  a  rapid  career  of 
'"  '""  retrograde  metaraorjihosis,  is  prone  to  act  as  a  ferment,  and 
therefore  unfit  to  remain  in  the  system  ;  accordingly,  it  is  removed  with 
the  excrement.  The  other  portion,  the  hydrocarbon,  which  has  been 
broiight  into  the  intestine,  is  not  yet  done  with;  advantageous  uae  can 
still  be  made  of  it.  It  can  aid  in  the  inlroduction  of  fata  through  the 
villi  into  the  lacteals,  and,  from  its  combustible  nature,  ia  of  an  equal  value 
to  the  system  with  the  oils  it  thus  helps  to  introduce.  We  may  advan- 
tageously trace  the  course  which  it  follows,  for  in  so  doing  we  slinll  com- 
plete our  description  of  the  function  of  absorption  in  its  most  general 
sense. 

Tho  fat  Tnatters  which  have  been  subdivided  into  portions  of  micro- 
Ma  f  scopical  minuteness,  small  globules,  each  of  which  is  coated 
aciimi  of  over  with  a  delicate  film  of  albumen,  and  all  brought  therefore 
^  ^'  ■  into  the  state  of  an  emulsion,  can  make  their  way  by  reason  of 
the  peculiar  properties  of  ^jie  investiture  which  thus  covers  them  through 
the  pores  of  the  villi  into  the  lacteal.  For  my  own  part,  I  do  not  believe 
that  there  is  any  passage  througli  the  epithelial  cells,  but  that  it  is  en- 
tirely interstitial,  and  that  it  is  not  unlikely  that  the  biliary  constituent 
aids  in  this  progress.  It  signifies  nothing  that  the  spaces  througli  which 
the  fat  globules  have  to  go  arc  less  than  their  own  diameter;  they  can 
elon^tc  into  worm-like  tbnns,  just  as,  under  the  same  circumstances, 
blood- cells  can  Jo,  and,  the  moment  they  read i  the  cavity  of  the  lacteal, 
reaasume  their  sphericity  by  reason  of  tlieir  cohesion.  The  albumen 
that  now  accompanies  them  in  the  liquid  form,  as  the  other  cliief  ingre- 
dient of  the  chyle,  comes,  for  the  most  part,  from  the  blood-vcs&ela  of 
the  villi.  The  chyle  moves  onward  to  the  mesenteric  glands,  and  makes 
lis  passage  through  them  either  in  naked  tubes  or  through  tlieir  pulpy 
structure,  is  submitted  to  cell  action  and  to  arterial  blood,  undergoes  the 
morphological  changes  which  have  been  described  in  the  preceding  chap- 
ter, and,  gaining  the  thoracic  duct,  is  brought  into  the  general  circula- 
tion. 

In  the  description  here  offered  of  the  function  of  absolution,  the  agen- 
cy of  physical  forces  alone  has  been  considered,  and  these  I  conceive  to 
he  abundantly  sufficient  to  enable  us  to  account  for  all  the  phetiomena. 
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CHAPTER  yn. 

OF  THE  BLOOD. 

TTie  OJ^fa  and  Rehthn  of  Hh^  in  thf  Sif^l^m, — The  Plaxma  anA  CeUx. — Cmeral  Prapertit* 
and  Gtmjtonilian  of  ihr  Dlimtl.  —  (JJutUifi'f^  in  thf  Jiodif. —  Ci>it;itiltUicri. — {ilood-<fll*. —  Tltf^r  toc- 
Ctwve  f'arms.^TAf  per/ei-t  CV/A — Uifiaalin .•  its  l'rtifif:rtu'-f. — Nismher  of  filutnl-cfUt. — l-'las-r 
mar  its  VompasilioTii  uml  Viirialioiis  */'<"  Iri^fedttnts. — ABtMmcn.  fii/nn,  Fol,  Smtar. — AJin- 
<ra/  In^frtUirtiti  a/the  C?lis  and  J'lamaa  roiii/urmt — Ouffs  (>f' ifte  Jiiood. —  (yiioifffn  tM'carrin</ 
iJurtnt;  ihr  (TtrruLilmn. — (rtiKrtii  Faucliaiis  t>f  the  (iifftr^int  In^TedlEnlt  ^'  tht  BlM>d.—lRiTO<iac- 
(jon  of  Oiyyen  bif  the  Cells. —  Thar  Iransxent  DurQlion* 

It  IB  necessarj'  for  the  functional  activity  of  every  organized  being  tliat 
there  sliall  circulate  through  all  parts  of  it  a  nutritive  liquid.  In  plants, 
it  ia  the  ^np :   in  aniinali^^  tlic:  hlaod. 

Since  the  life  of  plants  manifests  itself,  for  the  most  part,  in  a  purely 
formative  result,  and  involves  little  or  no  destruction  of  parts,  tih-  iiloortt  iu 
the  circulating  current  is  devoted  almost  entirely  to  nutrition.  ''i>»<:iiDQB. 
But  in  animalti,  whose  conditiona  of  existence  involve  extensive  and  un- 
ceasing deatruetion,  the  current  ia  burdened  with  another  duty*  It  is 
also  the  means  of  removnl  of  dying  or  wastedl  portions* 

In  the  first  chapter  it  waa  shown  that  about  a  toti  and  a  half  of  mate- 
rial ia  required  by  a  man  in  the  course  of  a  year,  and  that  In  TntmiucdoTi 
the  same  period  a  like  amount  is  removed  from  the  system.  ^"|^[er'"i^uy'i^o 
When  we  reflect  that  the  introduction  and  removal  of  this  Uoud. 
immense  mass  la  accomplished  throagh  the  agency  of  the  circulating 
bloocl,  it  ia  obvious  that  that  fluid  must  Ije  undergoing  the  most  rapid 
changes.  The  rapidity  ivith  which  dying  matters  are  removed  is  strik- 
ingly illustrated  by  tiic  minute  extent  to  wliicli  they  arc  permitted  to  ac- 
cumulate in  a  healthy  ,«tatc.  These  elements  of  decay  arc  strained  off 
or  exhaled  as  quickly  aa  they  arise.  Tiiat  fancied  power,  the  *^  vis  med- 
icatrix  natura.*,"  is  only  an  ideal  csjiression  of  the  |Xiirfeetion  witli  which 
the  various  eliminating  mechani^ma  work.  Poi^ionoua  ogents,  whether 
they  have  been  introduced  from  without  or  have  originated  from  morbid 
actions  within,  like  all  other  useless  or  noxiou^s  products,  And  their  prop- 
er  channel  of  escape,  and  the  system  will  thus  rid  itself  of  intoxicating 
liquids  and  narcotic  drugs  if  their  quantity  does  not  exceed  the  amount 
that  it  can  destroy  or  excrete  in  a  special  period  of  time. 

Considered  in  its  relation  to  nutrition,  the  circulating  liquid  presents 
many  interesting  aspects.  Each  of  the  thousand  variously-constituted 
parts  of  the  body  ia  withdrawing  the  aupplica  it  needs:  the  muscuiar,  the 
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nervous,  the  cartilaginous,  the  bony ;  and  hence  there  &ri&ta 
a.  general  balance  in  tlie  system,  cacli  part  makinj?  its  demand 
at  a  certain  rate,  nnd  cncli  obat^rving  a  complementary  ac- 
tion to  all  tlie  rest.  Man/  of  those  jiLcnomcna  which,  in  the  infancy  of 
physiologyt  were  rcgnrded  as  instances  of  sympathy  between  diftbrcul 
parts*  are  clearly  dependent  on  these  conditions  ;  lor  tlic  development  of 
one  part,  by  abstracting  special  material  from  the  circidating  liquid,  per- 
mits the  co-ordinate  development  of  another,  or  perhaps  puts  a  stoji  to 
it.  Tht!  nUnutcat  portion  of  the  mechanism  is  tluis  indiasolubly  con- 
nected with  all  the  rest  through  the  medium  of  the  blood. 

Seen  as  it  circulates  in  the  vessels,  the  blood  consists  of  a  colorlesa 
liquid  containing  corpuscles.  In  man,  some  of  these  corpuscles 
arc  white  and  oliicrs  red.  To  the  liquid  in  which  they  float, 
the  designation  of  the  plasma  is  given ;  tlip  colored  corpuscles,  from  llieir 
PropcrtiM  (tf  »ha|x^,  are  called  discs  or  cells.  The  specific  gravity  of  the 
[to  biMd.  blood  varied  from  1.050  to  l.Oot),  the  variation  being,  to  a  con- 
siderable extent,  due  to  variiitions  in  the  quantity  of  the  cells.  The 
temperature  is  about  100^  Fahr.,  the  reaction  alwa^'s  alkaline;  there  is 
also  a  faint  sickly  odor,  which  differ!*  in  different  aniniala.  The  cajtacily 
uf  blood  for  heat  is  in  direct  proportion  to  its  density.  The  ceJla  give  to 
the  blood  its  tint  of  color,  and  this,  in  the  systemic  arteries,  ia  crirason,  in 
the  vcuis,  deep  blue.  However,  the  color  of  arterial  blood  depends  con- 
siderably on  the  condition  of  respiration.  An  imperlect  introduction  of 
oxygen,  as  in  hot  climates, causes  tlie  arterial  blood  to  assume  a  dark  color, 
and  the  same  is  observed  when  chloroform,  ether*  or  diluted  irrcspirable 
gases  are  breathed.  The  blood  of  the  male  sex  ia  heavier  than  that  of 
the  female, 

QinafilHikm  (}fthc  Bhod. 

Water „....  784.00 

Albninen  - , 70.on 

nbriB , 2.20 

(aiobulin ,..., 123.S0 

(HiEtnatin.,. T-iJO 

ICholeaterine.... ,-„.,..,-.. 0.08 

Cerfttirinft ,  0.40 

Scpolinc. 0.02 

I  Olric  find  raargnric  acid  1 

I  Volatile  mid  pdoroiw  fnifj-  odd  >  0.80 

\  Fat  cuiitAinmtc  |ihos|:ihornA  y 

Ctiloridc  «f  sodium „...  S.GO 

Ctiluride  (ifjiotfL^^ium 0.3U 

Trilfosif  pt«isplmto  of  Hoda., ...... ,,,,„,..  0.20 

SftJts        .'  Ctirboiiatcof  soda 0.84 

Suljiharp  ofscKtfl......  ,..., 0.28 

Plios|>liales  oflinHi  and  mafjUftKia  .......  0.25 

.Oxido  .ind  plitisphoH-  of  iron 0.60 

EsiriiC,  salivjirv  iiirttler,  urea,  kiliarj'  coluring  > 
ntfltier,  accidental  Bubsianres  V    "' 


Diiici 


V»ta 


C 
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Carbon.. fil!i.50 

Hydrvger-. ,.....,.,...... .., 71.70 

Nitrogen , 1.10.T0 

Oi^^en 213.30 

Asbu 44.30 

lUOO.OO 

This  table  leads  to  the  hypothetical  fonuula  of  the  lUtimate  constitu- 

As  to  the  quantity  of  blood  in  the  circulation,  it  has  been  variously  es- 
timated. It  may  perhaps  be  taken  at  one  eighth  of  the  weight  Q^^ntiiv  of 
of  the  body,  a  number  which  ia  agreed  ujion  by  ecveral  autliora,  blood  in  th* 
and  in  support  of  which  Lebmarm  mentions  the  following  in-  ''* 
teresting  observation  :  "  My  friend,  E.  Weber*  determined,  with  my  co- 
operation, the  weights  of  two  criminals  before  and  after  decapitation.  The 
quiantity  of  blood  wliich  escaptvl  from  the  body  ivaa  determined  in  the 
following  manner:  Water  was  injected  into  the  vc&scla  of  the  trunk  and 
head  until  the  fluid  escaping  from  tlie  voinH  had  only  a  pale  red  or  yel- 
low color.  The  quantity  of  blood  remaining  in  the  body  waa  then  calcu- 
lated by  instituting  a  comparison  between  the  solid  residue  of  this  pale  red 
aqiieou.^  fluid  and  that  of  t!ie  blood  wliich  iirst  escaped.  By  way  of  illus- 
tration. I  subjoin  the  results  yicldcl  by  one  of  the  experiments.  The  living 
body  of  one  of  the  criminals  wcif^ibcd  HO,  140  grammes;  and  the  same  body. 
after  the  decapitation,  54,600  grarnnic.'^;  consequently,  r>540  gramme-s  of 
blood  had  e-i^capcd.  2H.5G0  grammes  of  this  blood  yielded  5,36  grammep 
of  solid  residue;  60.5  grammca  of  saiignincous  water  collected  after  the 
injection  contained  3,724  grannncs  of  solid  substances.  6050  grammes 
of  the  sanguineous  water  tliat  returned  from  the  veins  ivere  collected,  and 
these  contained  37.24  grannncs  of  solid  residue,  whidi  correajwiids  to 
1980  grammes  of  blood;  consequently,  the  liody  contained  T520  grammes 
of  blood  (.0540  escaping  in  tlic  act  of  dccapitaf  ion,,  and  19?<0  remaining  in 
the  body) ;  hence  the  weight  of  the  whole  blood  was  to  that  of  the  body 
nearly  in  the  ratio  of  one  to  eight.  The  other  ex]>erinient  yielded  a  pre- 
cisely similar  residt." 

A  short  time  after  it  lias  been  drawn,  the  blood  undergoes  coagulation, 
and  IB  then  said  to  be  composed  of  the  serum  and  the  clot,  spontaneous 
In  X\iui  state  it  is  sometimes  sjmken  of  as  dead.     The  plasma  Beri'|),*'^i,'°"' 
of"  Uving  blood  diifcni  trom  the  serum  of  dead  in  containing  clot. 
Abrin. 

The  coagulation  of  the  blood  commencci?  "within  about  ti^ri.  minutes 
after  it  has  been  drawn^  and  the  clot  undergoes  a  subsequent  the  ooiffols- 
cundenaation  during  one  or  two  days.  To  undcratand  the  "<'°  "^  '^'<^**' 
physical  nature  of  this  singular  change,  we  may  conveniently  regard  the 
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living  blood  as  containing  thr^  leading  constituents — an  albuminous 
uid,  Hbrin  dissolved  th^rein^  and  tbe  cells.     The  coagulation  arises  from 
the  tendency  of  the  fibrin  jmrticles  to  agglutinate  together.     As  tJiis  takes 
plaee,  the  cells  are  caught  in  the  meshes  ol'the  network  that  arises,  and 
a  voIuminouH  red  clot  is  the  result.     So  the  serum  of  dead  blood  coil)^| 
taina  no  fibrin,  and  differs  from  the  plasma  of  living  blood  in  that  impoiv^H 
tajit  particxUar. 

It  has  been  observed  tliat  exposure  to  cold  retards  coagidation,  as  does 
likewise  tlie  absence  of  air,  or  covering  the  blood  over  with  a  iilni  of  oiL 
The  condition  of  real  promotes  it,  as  aleo  docs  the  presence  of  rough  or 
angular  bodies.  Blood  will  yield  up  its  tibrin  readily  when  stirred  wit|^| 
The  hnOy  ^  Stick*  "When^  for  any  reason,  the  cells  sink  more  rapidly  than 
•=***•  \iflual  from  the  surface  of  the  blood,  the  tibrin  of  the  8ii]>cniatant 
portion  coagulates  alone,  giving  rise  to  a  stratum  free  from  the  red  color, 
and  designated  the  bufiy  coat,  and  on  the  sul>sequent  contraction,  since 
there  are  no  cells  to  hmder  tbe  fibrin,  its  parts  upon  this  stratum  a^^_ 
drawn  more  closely  together,  and  the  clot  becomes  cujiped.  ^H 

By  those  who  accept  figurative  expressions  fts  an  explanation  of  phys- 
Explanationof  iologica!  facts,  the  coagulation  of  the  blood  is  said  to  be  due 
i;oi»jiiiia'"<>n-  to  its  deatli ;  some*  however,  have  regarded  it  as  an  abortive 
attempt  at  organization,  and  therefore  a  manifestution  of  life.  Such  con- 
tracbctory  explanations  lose  much  of  their  interest  when  wc  c^camine  the 
facta  of  the  case  critically.  I  believe  that  notldng  more  takes  place  in 
blood  which  baa  bci'n  drawn  into  a  cup  than  would  have  taken  place  had 
it  remained  in  the  body.  In  either  case  tbe  fibrin  woidd  have  equally 
coagulated-  The  entrapping  of  the  cells  is  a  mere  accident.  The  hourly 
demand  for  tibrin  amounts  to  62  grains  ;  a  simple  arithmetical  calculation 
will  show  that  tbe  entire  mass  of  the  blood  would  be  exhausted  of  all 
the  fibrin  it  contains  in  about  foxu  hours,  so  that  the  solidification  of 
tibrin  nmst  be  t.iking  place  at  just  as  rapid  a  rate  in  the  system  as  after 
it  haa  been  withdrawn.  No  clot  tonus  in  the  blood-vessels,  because  the 
fibrin  is  picked  out  by  the  muscular  tissues  for  their  nouriahraent  as  fast 
as  it  is  presenlefl,  nor  would  any  clot  form  in  a  cup  if  ive  could  by  any 
mcan^  remove  the  fibrin  granules  as  fast  na  they  solidified. 

That  blood-tibrin  dtfTcra  fiom  muscle-librin  in  certain  respects  is  to  be 
admitted,  but  it  does  not  follow  tliat  blood-iibriii  is  in  a  condition  of  ret- 
rograde melamorphoftis.  It  uiay  require  modificafion  before  it  c»n  be 
received  as  the  syntoiun  of  muscles,  but  that  Buch  a  conversion  actually 
takes  place  I  thank  there  can  be  no  doubt. 

In  entciTug  on  a  detailed  examination  of  the  constitution  and  func- 
tions of  the  Llood,  our  attention  will  have  to  be  directed,  in  the  first 
place,  to  the  cells*  It  is  sufficient  to  arrest  our  thoi^hte  at  once  when 
we  learn  tliat  for  every  beat  of  the  pulse  nearly  twenty  millions  of  these 
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oi]gaaism3  die  I     Phjaiology  has  its  passing  wotidcre  as  well  as  astron- 
omy. 

In  the  life  of  man.  there  are  three  periods  distinguished  from  each  other 
by  the  nature  or  structure  of  the  blood-cells.  Those  of  the  c..™,..!..^ 
firet  period  originate  simultaneously  with,  or  even  previously  races  of  blood- 
to,  the  lieart.  These  are  sometiineB  designated  as  enibrj'o  '*  " 
cells,  and  in  that  view  hear  the  same  relation  to  those  of  the  second  pe- 
riod as  do  the  lymph  corpuscles  to  those  of  the  third.  They  are  color- 
leaa  and  spherical  oelU^  containing  graniUcs  of  tatty  material,  and  having 
a  central  nucleus.  These  arc  develojied,  by  a  process  of  internal  deli- 
quescence, into  cells  of  the  second  |Jcriod,  which  have  ac<]uireJ  a  red  col- 
or, and  in  oviparous  vertebrates  an  elliptical  fonn,  though  in  man  they 
are  circular.  They  are  flat  or  disc-like  in  Bhape+  liavc  a  diameter  of 
about  5^^  of  an  inch,  wilJi  a  central  nucleus  of  hulf  that  size.  Bome- 
timee  they  appear  to  undergo  multiplication  by  division  of  the  nucleus. 

These  cells  of  tlie  second  period  arc  replaced  by  those  of  the  third,  the 
transition  being  clearly  comiected  with  the  production  of  lymph  and  chyle 
iXiTpuscles-  By  tlie  end  of  the  second  month  of  fietal  existence  the  re- 
placement is  complete,  and  the  claims  of  cells  or  discs  that  has  now  arisen 
is  continued  during  life.  The  mode  of  the[r  production,  according  to  Mr. 
Paget,  ia  this.  The  chyle  or  lymph  corpnacle  loses  its  granular  aspect, 
and  acquires  a  pale  red  coJort  which  gradually  deepens;  the  corpuscle  be- 
comes smooth,  loses  its  spherical  form,  and,  condensing,  takes  on  a  con- 
vey lenticnlar  shape,  and  eventually  a  bi-concave.  While  this  change 
of  structure  i.s  going  on,  the  sjiecific  gravity  increases  through  the  con- 
densation, and  the  development  closes  by  the  spherical  white  granular 
lymph  corpuscle  becoming  a  red,  bi-concave,  non -nucleated,  circular,  small, 
and  heavy  blood  disc. 

The  cell  of  the  hrst  period  is  therefore  spherical,  white,  and  nucleated  ; 
that  of  the  second,  red,  disc-shaped,  and  nucleated  ;  that  of  the  third,  red,^ 
djsc-shappd,  bi-concave,  and  non-nucleated. 

The  primordial  cell  advances  in  development  to  different  points  in  dif- 
ferent QtderB  of  liWng  beings.  The  blood  of  invertcbratcd  Development 
animals  contains  coarse  cranulc  cells,  which  pass  forward  to  ^^  tilwd-cells 
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the  condition  of  the  fine  granule  cells,  and  reach  the  utmost  siricB. 
perfection  they  are  there  to  attain  in  the  colorless  nucleated  cell  of  the 
first  period  of  man.  In  oviparous  vcrtcbratcd  animals  tlie  development 
is  carrietl  a  step  farther,  the  red  nucleated  cell  arising,  and  in  them  it 
stops  at  this,  the  second  perirxl.  In  mammals  the  third  stage  is  reacheil 
in  the  red,  non-nnclcated  disc,  whtch  is  therefore  the  most  perfect  form. 
This  jMirfect  form  of  blood  cell,  as  it  occurs  in  man,  may  be  described 
as  presenting  a  flattened  shaj-c ;  the  bright  spot,  which  is  aotnetiniea  seen 
in  the  centre,  arising  from  a  refraction  of  light  due  to  the  form  of  the 
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disc  and  not  to  a  nucleus.  The  sac  of  each  disc  is  claBtic,  so  that  it  can 
rmi>crties  an.i  ^  BWoUeii  hy  Water  Until  it  becomes  convex  or  even  globu- 
niao  of  the  tn-r-  lar,  or  by  immeraion  in  thick  sirup  may  be  made  to  sbiijik.  f 
"^^  eflects  arisi]ig  from  the  cndoamotic  infiltration  or  exudation 
thrOugli  its  wall,  Wlicn  passing  through  tlie  fine  capillariea  in  the 
cour&e  of  the  circulation^  the  cell,  by  reason  of  this  elasticity,  can  make 
Its  way  tlirough  very  difficult  passages,  extending  itself  into  a  cylintlroid 
form,  or  by  bending,  but  it  recovers  its  original  shape  as  soon  as  relieved 
from  pressure.  The  average  diameter  of  the  cell  is  catimaCed  at  -5-5^  of 
^^  an  inch,  the  extremes  being  ^-^,  md  -^^. 

The  thickness  of  the  cell  is  about  -j  a^^-jj  of 
an  inck  The  cell  owes  ita  color  to  ha'mn- 
tin,  whieh  exists  in  its  interloT  in  a  state  of 
solution^  and  associated  with  globulin. 

The  facts  mentioned  in  the  preceding  par- 
agraph are  illustrated  by  tlie  annexed  en- 
graved photograplis.  J^fff-  -4-2  represents  hu- 
man blood-cells.  Their  form  is  circular;  they 
have  a  central  depression,  but  no  nucleus. 
^7y,  43  represents  the  elliptic  nucleated 
blood-cells  of  the  frog,  with  here  and  thcare, 
jp^y.  44  rcpresenta  the  endosmotic  action  of 
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water  on  these  cells.  J^iff.  45,  the  action  of  acetic  acid  in  darkening  or 
concentrating  the  nncleua.  In  I^i(/.  46  we  have  an  illu^ti-ation  of  the 
size  and  ap[>earaiicc  of  the  blood-cell  in  a  reptile,  the  photograph  from 
which  this  figure  was  taken  having  Ijeen  made  under  the  same  magni- 
fying power  as  that  employed  in  obtaining  the  photo^aph  of  human 
blood. 
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The  mammals  in  which  the  "blood  corpuscles  are  not  round,  but  ellip- 
tic and  bi-convex,  are  the  caiucl,  the  dromedary,  ami  the  llama.  In 
birds  and  ampliibia  they  are  oval.  The  difference  in  tlie  shaiw  and  Biae 
of  these  cella  is  of  the  more  importance,  since  observations  and  meaaure- 
ments  by  the  microscope  may  lead  us  to  a  correct  reference  of  a  sample 
of  blood  to  its  origin  when  chemical  analysis  would  afford  lis  no  assist- 
ance. It  is  not  to  be  forgotten,  however,  that  both  in  size  and  form  a 
blood-ccU  iradergoea  changes  according  to  unequal  pressures  ^  ■  «'  nt 
exerted  upon  it,  or  to  tlic  physical  circnmetances  under  wliich  iiie  rurm  of 
it  is  placed,  liquid  readily  finding  its  way  inlo  its  interior  or  '^^^  *■ 
esuding  therefrom  according  to  the  laws  of  endosmosis,  tlie  elastic  sac 
perfectly  accommodating  itaclf  to  these  changes.  An  a  consequence  ot" 
these  modifications,  there  w^ill,  of  course,  follow  variations  of  sjK_'cific  par- 
ity in  the  cell,  diiFcrencca  in  its  tendency  to  eink  in  the  plasma  which 
surrounds  it,  and  also  differences  in  its  tint  of  color. 

By  llr.  Wharton  Jones,  the  colored  blood-disc  of  the  mammalian  is 
regarded  aa  being  homologous  with  the  nucleus  of  the  color-  .,  .  ,^ 
less  corpuscle  of  the  same  hlood,  and  it  may  therefore  be  diac  ia  «  cdiae- 
spoken  of  as  a  free  cclla'form  nucleus,  the  cell  itself  having  ^""^  nucleus, 
dehqiiesced  or  become  disintegrated^  and  the  nucleus,  filled  with  globidin 
and  coloring  matter,  remaining* 

The  eeli  wall  of  the  blood-cella  is  generally  admitted  to  be  fibrin,  or 
some  Bnbgtance  allied  thereto;  but  tlicre  has  been  much  dif-*  jjniurcofiiif 
ference  of  opinion  respecting  the  constitution  of  the  nucleus  celt  walls  unl 
of  those  cells  which  possess  it.  By  sonie^  ttiis  also  haa  been  "^"^""*' 
regardwl  as  fibrin  ;  by  others,  as  fat ;  and  by  others,  as  a  species  of  horn, 
to  wliich  the  designation  of  nucleine  has  been  given. 

The  cell  wall  of  the  white  corpuscles  does  not  appear  to  be  elastic. 
It  ia  viscid^  and  hence  these  bodies  tend  to  agglatinate  with  cue  another: 
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in  aspect  it  is  granular.     The  contenta  appear  to  be  an  albuminous  bo- 
lution,  in  wMch  fine  granules  are  suspended. 

Though  we  have  described  the  mesenteric  glands  as  the  original  place 
of  fonoation  of  the  blood-cells,  it  is  to  be  uiideratood  that 
these  become  perfected  in  the  circulation  of  the  blood ;  and 
from  what  will  be  said  respecting  the  function  of  the  liver^  it  may  be  in- 
ferred  that  that  gland  ia  the  seat  of  a  most  important  change  :  there 
probably  tliey  receive  their  iron.  That  no  special  organ  is  exclusively 
charged  with  the  duty  of  forming  them  appears  from  this,  that  the  first 
foroi  of  blood-cells  arises  in  the  germinal  area  of  the  embryo  when  there 
ia,  as  yet,  no  gland. 

Cjomposition  of  fllood-ceUit- 

W«ter G8B.M 

'                       Hsematin  (including  iron^ , 16.T[t 

Globulin  and  cell  menibraiiB 2B2.32 

Fat ..-.,.,.......,... 2.31 

Extraccive , , 2.G0 

MJaurnl  sub^tftnces.. ..,..,. S.12 

Tooo.w 

Leaving  the  water  out  of  consideration,  the  predominating  ingredients 
of  blood-cells  are  therefore  globulin  and  ha^matin.  The  former  is  a  sub- 
stance approaching,  in  properties,  to  casein,  or  perhaps  intermediate  be- 
tween casein  and  albumen*  Its  constituents,  as  determined  by  an  ulti- 
mate analysis,  are  the  same  as  in  the  case  of  those  bodies. 

HKmatin  is  diatinguislied  by  its  red  color.  When  isolated,  it  exhibits 
Chancescircol-  ^^^  changcs  of  tint  characteristic  of  arterialization  in  a  doubt- 
■or  diipeniliiig  ftiJ  manner.  There  are,  liowcver,  many  facts  which  lead  to 
the  funnofibe  ^^^  supposition  that  the  color  of  arterial  and  \-enous  blood 
"ii«-  does  not  depend  bo  much  on  a  ehemical  change  in  the  ha^ma- 

tin  as  on  an  alteration  of  the  figure  of  the  discs. 

The  constitution  of  h^matin  is  C^,,  H^,  Nj,  O^,  Fe.  It  exists  under 
PrepcHifsof  ^^^  forms,  soluble  and  coagulated.  It  has  hitherto  Ijcen  stud- 
liasmatin.  jg^j  ^jjiy  jjj  (jjg  latter  statc,  and  is  soluble  in  weak  alcohol 
acidulated  with  sulphuric  or  hydrochloric  acid,  but  not  in  water.  Its 
solution  is  therefore  precipitated  by  the  addition  of  that  liquid.  In  weak 
solutions  of  alkalies  it  readily  disgoJveg.  Formerly  its  characteristic  red 
color  was  attributed  to  the  iron  it  contains^  but  that  metal  may  be  en- 
tirely removed  from  it  without  changing  its  tint-  The  amount  of  iron  it 
yields  ia  about  seven  per  cent. 

Ha'matin  occurs  in  the  blood-cells  associated  with  globulin,  and  would 
8eem  to  owe  its  origin  to  the  action  of  the  wall  of  the  cell,  if  it  be  true 
that  the  red  cells  originate  from  the  while  ones*  In  this  foimalion  of 
htematin  there  are  several  reasons  which  lead  us  to  infer  that  tat  takes 
an  essential  share. 
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Carbon ..,,.„. .y.,.,.  es&AT 

Hydrogen B*.4R 

Nitmgen , I03.9B 

Ox.vpeti .........,.,.., 118.61 

Iran. , , 6!1.&] 
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The  renoarfcaLle  feature  in  the  compoBition  of  this  body  is  the  h,T^ 
quantity  of  iron  it  contains.  The  percenta^  amount  of  thia  Iran  in  the 
luetul  in  the  blood  of  the  foetus  la  much  greater  than  in  that  of  "^'*- 
the  mother.  .iVftct  birth  the  proportion  dcclinca,  but  it  rises  again  at 
pubertj-.  These  variations  in,  the  amount  of  the  iron  are,  however,  de- 
pendent on  cottePponiliiip  variations  in  the  amount  of  cells. 

The  importance  of  the  remark,  when  we  arrive  at  the  study  of  the 
bile,  justiHes  us  in  rejjeating  that  the  iron  of  the  blood  belongs  to  the 
bsematin  of  the  cells,  its  jjorcentaf^  proixirtion  varying  with  their  condi- 
tion, and  also  with  the  region  of  the  circulation  from  which  they  have 
been  drawn.  As  derived  from  different  animals^  the  cells  present  differ- 
ent quantities  of  this  metal.  Thus  Schmidt  found  in  100  parts  of  dry 
blood-cells  in  man,  0.4348  ;  in  the  ox,  0.r509  ;  in  the  pig,  0.448  ;  and  in 
the  hen,  0.329. 

The  cr^'atalUnc  substance  of  blood  occurs  under  three  different  forms, 
in  prisms^  tetrahedra^  and  hexagonal  tablets.     In  the  pria-  ... 

matic  form  it  is  derived  from  human  blood,  that  of  tiahcs,  Bub««[iHM  of 
ftud  of  some  mammals;  in  the  tetrahettrai  fonn  it  is  obtained  ^°°^ 

y--  i'  Fit.  4«. 

from  Gniufia-piga,  rats,  and  mice;  in  the  licxagonal  form,  from  squir- 
rels. Blood-crystals  are  of  a  red  color,  without  smell  or  taste,  losing 
their  water  of  eryatallization  under  exposure  to  the  air,  the  different  forma 
presenting  different  rates  of  solubility;    tlie  tetraliedral  being  soluble 


120 


BLOOD-CRYhT  A  L8. 


'^-  *^-  in  600  parts  of  water,  llie  prismatic 

in  90  parta  only ;  the  Bolntion  in 
the  former  case  l>eing  pinki^^h,  that 
of  the  latter,  dark  red.  They  are 
also  dissolved  by  acetic  acid,  the  red 
prussiatc  of  potash  prodccing  a  pre- 
cipitate therefrom,  as  in  the  case  of 
other  protein  bodies.  ChJorine  de- 
colorizes their  aohttions  and  gives  a 
white  flaky  precipitate.  The  crys- 
tals^ when  lieatcd,  swell,  yield  an 
odor  like  burnt  horn,  and,  after  com- 
buation,  leave  a  small  quantity  of 
uithod-crjitii.  uf  MiuirreL  gsh.     Fmm  the  ditlrculty  of  obtain- 

ing blood-crystals  in  a  state  of  purity,  their  constitution  is  not  known 
with  absolute  certainty.  The  a«ih  whicli  they  yield  con.^ists  of  about  72 
per  wnt.  of  oxide  of  iron,  and  21  per  cent,  of  phosphoric  acid,  the  protein 
constituent  being  apparently  identical  with  other  protein  bodies.  The 
Mode  of  cilv  cry^*^^^  '"^J  ^^  obtained  for  examination  by  covering  a  mi- 
wining  bhad-  nute  drop  of  blood  witli  a  glass  slide,  and,  after  addling  water, 
^^  '  alcohol,  or  ether,  to  permit  a  gradual  evaporation  to  ensue. 
The  amount  thus  produced  depends  very  much  upon  the  presence  of  light: 
thug  Lehmann  found  that  wliile  he  could  oidy  obtain  two  per  cent,  of 
crystals  tVom  the  blood  of  the  Guinea-pig  in  the  dark,  iie  could  obta>m 
more  than  seven  per  cent,  in  the  sunlight. 

Lehraann  IxjlJeves  that  the  crystalline  substance  is  not  a  mLxturc  of  a 
pigment  and  a  protein  body,  but  a  pure  chemical  compound,  having  either 
4  salt-like  or  conjugated  constitution. 

The  color  of  the  blood,  as  dependent  upon  the  tint  of  its  eellH,  is,  ac- 
TAlorofblcod-  cording  to  the  views  of  Henlc,  connected  to  a  considerable 
wllB  m*y  dt'-  ^prrj,,;,  ^.jtij  ^i;g  form  of  those  orKinisnia  as  lliey  vary  from  a 
form.  concave  to  a  convex  surface,  and  not  wiih  the  slate  of  the 

heematin.  When  they  are  more  concave  they  are  of  a  crimson,  when 
of  a  more  conves,  of  a  darker  hue.  Sforeover,  during  these  variations 
their  investing  membrane  nmist  necessarily  change  in  thickness,  and  this 
likcwi&c  must  alter  tlieir  mode  of  transmitting  light. 

Among  the  causes  which  can  impress  a  change  on  the  figure  of  the 
blood-cella  ought  j>artieuiarly  to  be  spocitied  exposure  to  oxygen  and 
carbonic  acid  respectively,  the  latter  causing  them  to  become  more  opaque 
in  their  centre,  broader  upon  their  edge,  the  cell  distending;  an  opposite 
effect  ensuing  under  exposure  to  the  former.  In  the  case  of  tlie  blood- 
cella  of  frogs  exposed  to  oxygen,  the  long  and  short  diameters  both  di- 
minish, and  the  wall  becomes  granular;  after  exposure  to  carbonic  acid 
they  increase,  the  wail  becoming  pellucid. 
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Constituted  thus  of  an  elastic  sac  filled  with  globulin  and  hffitnatin,  the 
cells  float  in  the  plasma.  They  are  nourisiied  at  ha  expense,  and  when 
they  die,  deliver  up  their  contents  by  delifjiicscence  to  it.  Accompany- 
ing them  nre  the  white  corpnRcles,  from  whJdi  new  generations  are  to 
ariac  It  is  usuidly  stated  that  for  every  50  red  discs  there  xjie  while 
ta  one  white  corpuscle.  Tliey  may  be.  readily  diRGOvered  dur-  wpundes. 
ing  the  circulation  by  the  microBcoj.x',  many  of  them  occupying  tlie  exte- 
rior of  the  ciuTcnt,  an  though  they  had  a  special  relation  to  the  Boft  tie- 
sQ&s.  It  may  perhaps  be  erroneous  to  regard  thcsp  large  white  corpus- 
cles &s  the  embryos  of  the  red  diKca.  Reasons  could  be  asai^ieJ  in  sup- 
port of  the  doctrine  that  tlie  sainr'  primitive  germ  going  onward  to  devd- 
opmcnt  mavn  at  a  certain  point,  diverp^  in  two  directions ;  if  it  passes 
through  onp,  it  will  perfect  itself  as  &  white  cell ;  if  through  the  othuj  as  a 
red  diact 

The  proportional  numljer  of  blood  corpuscles  in  different  animals  va- 
ries considerably.  Crcnerally  eold-blooded  mammals  present  NumtHTiirw^Us 
fewer  than  warm-blooded  onea»  birds  having  more  than  quad-  Jj"|^,.^jjt  ani- 
mpeds,  and  among  these  the  enmi^ora  more  than  the  bcrbiv-  mab. 
ora.  Of  diifcient  domestic  animals,  the  pig,  the  dog,  tiie  ox,  the  horse, 
the  cat,  the  sheep,  the  goat,  poasesa  them  in  the  order  in  wliich  their 
natnei;  have  been  mentioned,  the  goat  having  only  86  to  145  in  the  pig. 
Their  proportional  mimljcr  tiUo  varies  in  diflerent  regions  of  the  circula- 
tion ;  thus  it  is  aaid  that  arterial  blood  containn  fewer  than  venous,  the 
portal  blood  fewer  t!ian  the  jugular,  the  hepatic  more  thaiJ  the  portal.  It 
is  not,  however,  to  be  overlookedj  that  in  all  these  determination  a  the 
quantity  of  waier  which  chances  to  be  present  controls  the  estimatei*,  and 
that  therefore,  as  thus  oftcred,  they  are  really  of  leas  interest  than  might 
at  first  sight  he  supposed. 

We  have  next  to  ppcak  of  the  plasma.     It  may  be  descrilx-d  as  a  clear 
mid  slightly  yellowish  colored  fluid,  consisting,  as  all  animal   omponitioTi 
juices  do,  for  the  most  part  of  water,  lioldin^e;  in  suspension  or  "f  I'l^raa. 
solution  albumen,  fibrin,  fata,  and  various  mmeral  bodies,  aa  the  follow- 
ing analysis  shows. 

Pnnimafe  C'f"npomtiait  nfihi  Plains. 

Waicr 0f)2.9O 

Albumen ,.„..,....,„...     78.84 

Fibrin ■♦.as 

Fat 1.72 

Extractive. 3.94 

Mineral  BLibataDOeB 8,5-? 

^_  HXW.OO 

^^^  Of  the  water  it  may  be  remarked,  that  t]ie  usual  percent-  fl'-teroftlM 
^^B  Bge  estimate  made  of  its  quantity,  as  regards  the  entire  blood,  whole!  ijloodt 
^H    ifl  from  700  to  790  parts  in  1000.     Within  these  limits  it  is  '''  ^*^''"'*""- 
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liable  to  rajnd  variations,  as  dependent  on  the  condition  of  thirst  or  the 
recent  indulgence  in  drinks.  It  does  not  increaae  in  proportion  to  the 
amount  which  has  been  imbibed,  for  the  Malpighiau  bodies  of  the  kidney* 
as  will  hereafter  appeart  strain  it  off  with  great  rapidity.  When  tiie 
blood-vessels  are  distendc^i  to  a  certain  degree,  they  reftise  an  entrance  to 
it.  The  necessity  of  these  provisiona  arises  from  the  fact  that  there  is  a 
certain  state  of  viscidity  which  the  blocKl  must  possess  for  ita  proper  cir- 
culation. 

Respej^ting  TariationH  in  the  amount  of  wafer  in  the  blood,  it  naay  be 
stated  that  that  of  women  contains  niorc  water  than  tJiat  of  men.  Among 
different  animalg.,  the  serum  of  the  amphibia  contains  the  largest  quantity; 
and  among  mammals,  that  of  tlie  herbivora  more  than  that  of  tlie  car- 
uivora.  Obtained  from  different  vessels,  the  arterial  has  more  than 
venous  blood,  but  the  serum  of  the  portal  vein  containfl  more  than  that 
of  any  other  vein,  the  proportion  depending  on  the  amount  and  time  of 
the  ingestion  of  water. 

Tiie  albumen  varies  in  qnanfity  from  60  to  TO  in  1000.  It  is  prob* 
y  .  -^  ,  ably  associated  or  combined  with  soda.  It  exiala  in  the 
qiuotity  uf»l-  blood  of  thfi  splcnic  antl  hepatic  veins  as  the  neutral  olbumi- 
jqmen.  ^^^^^  of  soda.     It  does  not  appear  to  contain  any  phosphorus, 

as  was  at  one  time  supposed.  It  is  the  plastic  material  from  which  all 
the  soft  tissues  are  nourished,  and  by  it  the  cells  themse!ves  grow. 
Fibrin  arises  from  it  in  the  blood  in  the  same  msumer  as  it  docs  during 
the  incubation  of  an  egg;  every  care  is  taken  to  economize  it  in  the  sys- 
tem, and  it  is  never  excreted  except  in  disease. 

The  quantity  of  albumen  is  greater  in  venous  than  in  arterial  blood, 
tlie  projKjrtion  increasing  during^  digestion.  It  also  presents  variations 
in  different  states  of  disease.  Its  condition  varies  hi  vamius  parts  of  the 
[■Lrcuhition,  a  circumstance,  to  a  considerable  extent,  due  to  tlie  nature  of 
the  aidts,  or  to  the  quantities  of  alkali  with  which  it  is  associated. 

The  fibrin  m  umially  estimated  at  2  or  .3  parts  in  1000  of  blood.  It 
y  .  .  _^ .  may  fall  as  low  as  1,  or  rise  as  higii  as  7^.  There  is  a  con- 
the  quatiLiijof  ataut  drain  upon  it  for  the  nutrition  of  the  muscular  tissues ; 

"°'  and  since  it  originates  In  tlio  action  of  oxygen  upon  albu- 

luen^  we  should  expect,  as  is  really  the  case,  that  arterial  blood  would  be 
richer  in  it  than  venous.  The  portal  blood  contains  it  in  minimum  quan- 
tity. Its  percentage  risca  if  oxygen  be  inhaled,  or  the  respiratory  pro- 
cess be  qiiiclcened ;  for  similar  reasons,  it  uniformly  increaaca  in  acute 
inflammations.  The  idtimatc  analyses  of  fibrin  seem  to  show  that  it  con- 
tains more  oxygen  tJian  albumen,  and  this  corresponds  with  its  mode  of 
origin.  It  is  an  important  practical  obsejration,  that  thougli  it  is  eaay 
to  regulate  the  quantity  of  cells  by  variations  of  diet,  the  amount  of 
fibrin  can  not  bo  readily  be  changed  in  that  manner^  nor  its  development 
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cliecked  by  venesection.     Tlicre  ih  less  tibrLa  in  the  blood  of  tlie  carniT-- 
ora  than  in  that  of  the  herbivora. 

It  hnn  been  asaerted,  0:3  was  mentioned  before,  that  there  is  bo  wide  a 
diiference  between  the  fibrin  of  blood  and  muscular  fibre,  Fiiirin  i^a  hts- 
that  wc  can  no  longer  regard  the  latter  aa  arising  from  the  t^'En^Uc  bodj-. 
fbtmer,  but  must  consider  it  merely  as  coag^dated  albumen;  and  that, 
eince  the  action  of  acetic  acid  upon  it  shows  its  delation  to  gelatine,  it  13 
probably  more  nearly  related  to  the  fibro-gelatinoua  than  to  the  cellulo- 
albuminou»  tisfiuea.  But,  althougli  the  fact  that  fibrin  coiitain:^  more 
oxygen  than  alluimen  scenic  to  lend  weight  to  such  viewa,  since  oxida- 
tion appertains  to  the  retrograde  rather  than  to  the  aacending  metamor- 
phosis, there  are  so  many  arguments  in  favor  of  tlie  old  doctrine,  tliat 
1  think  it  may  Ijc  regarded  as  thus  far  unshaken.  Moreover,  it  is  uow 
established  beyond  any  doubt,  that  by  nilratle  of  potaah,  and  other  salts, 
fibrin  may  be  transmuted  into  a  substance  analogous  to  albumen. 

The  fat3  vary  very  much  in  fjnantity  at  different  times.  The  amount 
ia  usually  stated  at  from  1.4  to  3.3  in  lOCW  of  blood.  After  a  meal  the: 
plasma  may  be  actually  milky,  tJirough  the  fat  globules  y^rlaiiorwia 
brought  in  by  the  chyle.  We  have  already  shown  that  tUi;  quuntitj-  of 
atarcli  will  give  origin  to  fat,  and  oilv  substances,  can  be  ob- 
tained Irom  lactic  acid  itself.  Tlie  nitrogenized  bodies,  during  their  de- 
atniction,  likewifie  yield  them,  and  it  is  a  normal  function  of  the  liver  to 
effect  the  production  of  fat. 

The  serum  contains  only  an  insignificant  quantity  of  free  fat;  but 
there  is  a  large  proportion  of  sajxjnitied  fat  in  it,  as  well  as  the  lipoids 
cholcBterine  and  serolin. 

The  view  iieretofore  taken,  that  this  class  of  Bubstancos  is  not  histo- 
genctic,  but  only  respiratory,  reqiures  to  be  modified.  There  UsoaofOiofat* 
is  reason  to  believe  that  the  blood-cells  themselves  can  not  •*'"  '^''"'^'• 
be  formed  except  in  presence  of  oil,  which  is  also  necessary  to  enable  ni- 
trogenized bodies  to  assume  the  fcnnent  action^  Tlie  nuclei  of  cells  con- 
tain fats,  as  do  also  embryonic  structures  generally.  Cholesterine,  or 
liver-fat,  is  not  saponifiablc.  It  appears  as  a  product  of  disintegration, 
increasing  in  quantity  during  acute  diseases..  The  proiwirtion  of  this  sub- 
stance increases  after  40  years ;  it  also  forms  a  principal  ingredient  in 
biliary  concretions. 

Among  the  special  constituents  of  certain  portions  of  the  venona  blood 
not  mentioned  in  the  preceding  tables,  we  ought  not  to  ovcr- 
look  sugar,  which  exists  as  a  constant  mgredtcnt  ot  tlie  blood 
contained  in  that  p.irt  of  the  circulation  intervening  between  the  liver  and 
the  lungs.  This,  winch  is  known  as  livc?r-3Ugftr,  may  have  originated  in 
the  transmutation  of  cane-sugar,  or  from  the  metamorphosis  of  tlie  mus- 
cnlar  tissues.     It  is  to  be  remarked  that  the  blood  contains  no  gelatine. 
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L'omparisiinor       1*0  thc  muncTal  substancc3  in  the  cells  and  plasma  of  tlic 

ibe  mineral         111  -i  -  1111  -iif  1 

conatiiiK'ntsof    uiootl  rcapectively,  attention  sJiould  be  particularly  directedti 

Lhe  will  aud     gintc  they  indicate  the  functions  of  these  nortions, 

puums.  '  *■ 

iHherai  ConstiNtatt  in  1000  Farta  of  the  Blood. 


<.4'li«. 


Clilorine 

Sulpboiii;  acid  ...„.n,^,.. 

Phosphoric  Bcid 

patousimn..... WW, ........ 

Sodiam 

QxfgeD.. 

Phosphatffl  of  Liiuo  ....... 

Pi;ios[jhal»  of  niAglifiitiia 
Lruu  excluded 


0.066 

i.m 

3.328 
I.0&2 
I>.G(t7 
0.114 

0.073 


6.t:dU 


I'UkLiik. 


0.U6 
0.191 
0.323 
3.341 
0,408 
0.311 
0.322 


&.^0 


The  amount  of  inorganic  matter  in  the  cells  and  plaema,  respectively, 
of  1000  parts  of  Llood  beinif  nearly  the  same,  the  table  shows  that  there 
ia  more  than  twice  aa  much  ehlorine,  and  more  than  three  timers  as  much 
aodium  iii  the  plasma  as  in  the  cells.     It  may  thence  be  inferred  that  tha^ 
chloride  of  sodium  is,  for  the  most  part,  in  the  plasma.     Jlorwjvor,  there 
ia  six  times  as  much  phosphorus,  flnd  more  than  ten  times  as  much  po- 
tassium, in  the  cells  as  in  the  plasma;  and  therefore  it  may  be  inferred, 
since  potash  is  req^uircd  to  so  great  an  extent  in  the  nutrition  of  the  mua- 
cuiar  system,  and  phoaphorua  as  an  elcnn^nt  of  the  piioapliorized  oils  in 
the  nervous,  that  the  ceils  have  a  direct  functional  relation  to  those  im-l 
portant  mechamams,  and  this  in  addition  to  their  duty  of  introducing] 
oxygen. 

The  mineral  constituents  of  the  blood  discharge  very  different  dutie^fj 
FuBctioni  of  some,  cither  directly  or  indirectly,  acthig  functionally,  ofhera 
the  flijtieral       ^^  histooenetic  bodies.     Thus  the  alkaline  nropertica  of  the 

oomdtucntBpf  ^  ,111 

the  blew!  blood  afe  due  to  the  presence  of  the  carbonate  and  pbospiiate 
of  aoda,  and  this  latter  substance  enables  the  Bcrnm  to  hold  in  solution 
carbonic  acid,  and  thus  it  maintains  a  relation  in  the  respiratory  opera- 
tion. But  the  phosphate  of  lime  disehai^ea  a  true  histogenctie  function, 
aince  upon  it  the  bony  system  depends  for  its  nutrition.  The  mutual 
relations  of  tliese  substances  are,  of  course,  very  complex,  though  often 
of  importance.  Thus,  of  the  two  just  mentioned,  the  phosphate  of  soda  | 
enables  the  serum  to  hold  the  phoephate  of  iinie  in  solution. 

The  tawny  coloring  matter  of  aenim  differs  from  cholepyrrhin  in  not 
Coloring  mat-  3*iclding  the  characteristic  reaction  of  tliat  body.  The  tint 
{erofsermn.  gometiinos  bccomes  quite  deep,  owing  to  several  diffcrwit 
causes,  such  as  the  undue  accumulation  of  the  coloring  matter  of  urine, 
through  disturbance  of  renal  action,  or  from  bile  pigmentj  as  in  icterus. 

The  gases  which  can  be  disengaged  from  the  blood  occur  in  the  cells, 
according  to  Magnaa,  a  statement  which,  however^  ie  very  far  from  being; 
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sabstantiatct] ;  they  are  carbonic  aciJ,  oxygen,  and  nitrogi^n.  Oawsofih* 
He  found  that  this  liquid  can  absorb  once  and  a  hiili'  its  vol-  bliwa. 
ume  of  carbonic  acid,  and  tliat  in  iftrtcrial  blood  the  proportion  of  that 
acid  to  oxygen  is  as  16  to  JJ,  in  venous  aa  16  to  4.  That  the  oxygen 
is  very  loosely  retained  is  shown  by  the  circumstance  tliat  it  may  for 
the  most  part  be  removed  by  expoflnre  in  a  vncmim.  The  other  gases 
may  be  withdrawn  by  a  stream  of  hydrogen. 

At  a  temperature  of  I'H^,  water  absorbs  scarcely  one  per  cent-  of  it&' 
volurae  of  oxygen  gas,  but  the  blood  can  take  up  from  10  to  13  timea  as 
macli.  This  is  aecomplisbeil  by  the  colortng  material.  Tlie  amount  is 
independent  of  variationa  in  the  pressure  of  tlie  air,  which  would  not  be 
the  owe  if  the  g^s  were  received  into  tlie  circulating  tluid  by  mere  solu- 
tion. This  is  the  opinion  of  Licbig,  by  whoni  it  ia  regarded  aa  being  to 
some  extent  enb-stantiatcd  by  the  fact  that  the  respiration  ia  accomphHhed 
with  nearly  the  same  resiilt,  so  far  as  the  absorption  of  oxygen  is  con- 
cerned, at  considerable  lieights  above  and  at  the  level  of  the  scu,  and  tiiat 
no  more  oxygen  is  received  from  an  atraospherc  very  rich  in  that  gas 
than  from  the  ordinary  air.  However  correct  this  view  may  be^  the  &cts 
cited  in  its  8up]>ort  arc  verj-  far  from  being  undeniable. 

The  preceding  chemical  examination  of  the  special  constituents  of  the 
blood  leads  us  next  to  consider  the  general  ftuictions  of  this  liquid  in  the 
aggregate. 

In  this  general  aenae,  the  blood  discharges  the  following  officcfl.     Ita 
albumen  has  the  duty  of  giving  origin  to  all  the  plaatic  tis-  -        , 
sues  of  the  svfutem.     Kroui  it,  for  examplot  by  cell  action,  as  in.-nt  of  ihe 
explained  in  treating  of  lacteal  absorption,  fibrin  ariHca —  nic'difleneni 
fibrin,  which  is  used  for  the  renovation  and  rt^pair  of  the  nms-  cunsiiimntBof 
cular  tissues.    Tiie  discs  Iiave  a  relation  with  tlie  function  of 
respiration;  they  obtain  oxygen  in  the  pulmonarj'  circulation,  and  carry 
it  through  the  system.     Tiiey  contribute,  moreover,  to  the  development 
of  muscular  fibre,  and  also  nervoua  material,  and  this  not  alone  as  regards 
the  coloring  matter  of  those  tissues.     The  fats  are  necessary  in  the  pro- 
duction oi*  fibrin  and  for  the  nuclei  of  cells  j  but,  besides  these  histoge- 
netic  relations,  they  eventually,  with  the  exception  of  liver-fat,  undergo 
oxidation,  and  so  miniater  to  the  support  of  a  high  temperature.     Of  the 
saline  substances,  common  salt  promotes  digestion  by  aiding  in  the  prep- 
aration of  gastric  and  pancreatic  juices;  the  phosphate  of  soda  enable'* 
the  plasma  to  hold  carbonic  acid  in  solution,  and  carry  it  to  the  lungs. 

It  is  interesting  to  observe  the  limits  of  variation  which  the  blootl  may 
present  in  disturliied  or  diseased  conditions.  In  inflnmmntiona,  the  fibrin 
may  increase  fourfold;  in  typhoid  fcvera  it  may  diminish  to  less  than 
one  half,  and  from  these  variations  special  results  may  arise.  Thuw 
diminution  of  its  fibrin  di-'^posci*  the  blood  to  pretemattirfll  00Kin<j  or  fa- 
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cilily  of  escape.  So  also  the  cells  have  been  known^  in  cases  of  elJoro- 
flis,  to  sink  to  one  fifth  of  the  healthy  amount.  The  albumen,  too,  ex- 
liibits  like  variatiotia.  In  Bright's  disease  it  greatly  diminishes,  much 
of  it  escaping  in  the  iirine  by  the  Btraining  action  of  tlie  kidncyB. 

Thus  constituted,  the  blood,  by  a  naechaniam  lo  be  described  in  the 
next  chapter,  passes  from  the  heart  alternately  to  all  parts 
ringdtirtngiho  of  the  systeniT  and  alternately  to  the  cells  of  tlie  lungs,  giv- 
uire  t  on,  ^^  ^^^  j^  what  have  iK'en  termed  the  greater  and  lees  cir- 
culation, or  the  systemic  ajid  the  pulraouary.  In  the  m^steinic  circula- 
tion, the  blood,  which  leaves  the  heart  in  an  arterialized  condition,  or  as- 
sociated with  atnioapheric  oxygen,  gives  up  that  element  to  the  various 
tissues  aa  it  pervades  tliem,  and  accomplishes  a  double  result :  the  re- 
moval of  all  those  particles  which,  liaving  discharged  their  duty  and  un- 
dergone partial  or  perfect  interstitial  dc-atli,  are  ready  to  pass  away,  and 
also  the  liberation  of  a  great  amount  of  heat  by  the  destructive  oxidation  : 
so»  at  the  same  time,  the  wasted  matter  is  removed  and  advantage  taken 
of  it  to  raise  the  temjjeratnre  of  the  Iwdj.  This  done,  the  blood  makes 
its  way  back  to  the  heart,  following  the  channel  of  the  veins  as  they  suc- 
cessively converge  into  trunka  that  arc  larger  and  larger.  At  the  mO' 
ment  of  surrendering  its  oxygen  and  receiving  the  various  products  of 
combustion,  a  change  of  color  occurs.  The  bright  crimson  turns  to  a 
deep  blue,  and  the  blood  presents  itself  of  that  color  at  the  heart. 

It  now  undergoes  the  leas  or  pulmonary  circulation.  Ix'aving  the 
heart,  it  passes  over  the  air-cells  of  the  lungs,  and  is  there  exposed  to  the 
aerating  action  of  the  atmosphere.  From  the  interior  of  the  cells  the 
discs  receive  their  supply  of  oxygen,  the  plasma  siurendcring  up  carbonic 
acid  and  the  vapor  of  water.  The  color  now  changes  back  from  the 
blue  to  the  scarlet.  In  this  condition  it  returns  to  the  heart,  to  be  dis- 
tributed in  tiie  systemic  circulation  once  morc- 

During  this  double  round  an  incessant  change  iB  taking  place  in  tlie 
,        L  .         constitution  of  the  blood;  it  is  undercroinc  a  continuous  met- 

l.esa  obvious  . 

Lilt  importniit  amorphoais.  In  some  respecta,  as,  for  instance,  in  color, 
L'   ngei.  ^1^.^  -g  obvious  enougiik     But  the  invisible  changes  infinite- 

ly exceed  in  importance  and  amount  those  that  arc  obvious  to  the  eye. 

All  the  soft  tissues,  since  they  arc  wasting  away,  require  repair. 
This,  inasmuch  as  it  is  accomplislied  either  directly  or  indirectly  by  the 
albumen  of  the  blood,  gives  rise  to  a  constant  drain  of  that  substance, 
and  demands  a  constant  supply,  which  is  provided  by  nutrition  or  stom- 
ach digestion. 

The  cells,  which  constitute  the  other  chief  portions  of  t]m  blood,  are 
necessary  to  the  production  of  a  high  temperature,  by  con- 
oxygen  by  ihc  stantly  transferring  oxygen  from  the  cclla  of  the  lungS  to 
^^-  every  part  of  the  body ;  carrierg  of  oxygen  they  have  been 
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truly  cfllled.  That  thia  ia  one  of  their  duties  has  been  proved  experi- 
mentally, for  ft  Bolution  of  albumen  or  the  serura  has  but  little  power  of 
absorbing  oxygen,  scateclj  exceeding  water  itself  in  that  respect,  but 
the  discs  condenae  it  at  once.  The  ckango  of  polor  they  exhibit  as  they 
alternately  gain  or  loae  that  element,  ia  in  itself  a  proof  of  thia  fact,  as 
is  also  the  action  of  senim  or  blood-discs  respectively  on  a  measured 
volume  of  air  contained  in  ajar.  It"  the  discs  be  in  the  venous  or  pur- 
ple condition,  they  quickly  absorb  oxygen  from  the  confined  air^  which 
therefore  at  once  diminishca  in  amount,  hut  the  serum,  or  a  solution  of 
albumen,  produces  no  audi  effect.  The  plasma  serves^  therefore,  for  the 
^neral  nutrition  of  the  system^  and  the  discs,  by  transferring  oxygen 
from  point  to  point,  discharge  that  part  of  their  duty  "which  is  connect- 
ed with  the  production  of  Iieat. 

But  the  discs,  though  of  a  flattened  form,  are  truly  cells,  and  all  that 
obtains  in  the  case  of  cell  life  and  cell  action  obtains  for  ^      . 

Iransitory  an- 
them.    They  have  not  a  duration  at  all  comparable  to  the  raiionofihe 

duration  of  the  system,  but  are  constantly  eoniing  into  ex-  *^  ' 
istcnce  and  disappearing.  Each  is  an  individual  having  its  own  partic- 
ular history,  its  time  of  birth,  its  time  of  maturity,  its  time  of  death. 
Each  passes  through  a  series  of  incidents  proper  lo  itself.  Originating 
as  has  been  described,  they  grow  at  the  expense  of  the  plasma,  and  in 
this  regard  it  serves  for  their  nutrition  as  well  as  for  that  of  the  body 
gi^ncraliy. 

On  exposing  blood-ccUa  to  oxygen  and  carbonic  acid  gases  alternately, 
there  is  not  only  a  change  in  their  shape,  which  becomes  corrugated  and 
star-like,  but  also  in  tlicir  chemical  constitution,  so  that,  after  such  an 
exposure  of  nine  or  ten  times,  they  aro  entirely  destroyed.  Such  alter- 
nations oceuTring  in  the  system  doubtless  lead  to  the  same  result,  though 
more  slowly,  since  the  oxygen  is  presented  in  a  diluted  condition. 

The  eorrugatcd  and  star-like  blood-ccUs  abound  in  the  blood  of  the 
portal,  though  not  in  that  of  the  hepatic  vein.     If  their  aspect 

•        \  .1     ■     .      J  ^      1-   ■  ■  1  ■      .  CyiagaAU. 

anses  trom  their  tendency  to  aiamlcgration,  this  is  tio  nmre 

than  might  be  expected  in  view  of  the  func- 
tions of  the  liver-  That  the  stellated  aspect 
is  an  indication  of  a  commencing  disorganiza- 
tion, or  other  profound  change-,  may  be  illus- 
trated by  an  examination  of  the  action  of  wa- 
ter on  normal  blood-celU,  whicli,  if  they  be 
exposed  to  that  bquid,  undergo  a  distention ; 
their  thickness  increasing  more  rapidly  than 
their  diameter,  they  lo?ie  their  concavity,  be- 
come convex,  and  at  last  appear  as  spheres 
of  a  less  aiae  than  the  original  discs.     When 
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the  quantity  of  water  they  have  received  has  distended  thctn  to  their  ul- 

ntost  capacity,  tlicj  thca  are  invisible;  but  'wlicn  it  is  withdrawn  from 
tliem  hy  establishing  exosniueis  through  the  addition  of  saline  sub- 
stances, they  may  reappear  in  the  corrugated  or  atar  shape,  as  seen  in 
the  photograph,  J'^i^.  50. 

With  respect  to  the  ai^ion  of  the  haimatin,  it  may  be  observed,  that 
.   ,     ,,        other  nitroseniaed  coloring  materials  present  a  similar  rela- 

Aetionofhictn-     .  °  i      -     a-  i  •  ^ 

atiti  iiiitairattd  tioii  to  oxygcn.  Aa  an  example,  indigo  may  be  mentioned, 
ly  mdigo.  J  (jonsidcr  that  the  properties  of  this  sub&tanee  illustrate  in 
a  sigTiiticant  manner  the  properties  of  Jjaematin  in  the  systcin.  Indigo 
occurs  in  the  leaves  of  the  plant  ivbich  yields  it  in  a  yellow  and  soluble 
state.  It  is  easily  extracted  from  them  by  maceration  in  water.  Ex- 
posed to  the  air^  it  absorbs  oxygen,  becomes  insoluble,  and  eimultane- 
ouely  gains  a  deep  bine  tint.  So  liglifly  ia  the  oxygen  thus  united  to 
it,  that  by  exposure  to  very  feeble  agents  it  surrenders  it  up,  and  repaasew 
into  the  yellow  and  soluble  condition.  Once  more  exposed  to  the  air, 
it  turns  blue,  and  once  more  may  have  that  color  removed  from  it  by  tak- 
ing its  oxygen  away.  For  many  times  in  succession  its  tint  may  be 
thua  clianged,  and  made  yellow  or  blue  at  pleasure. 

From  this  we  perceive  in  what  a  loose  manner  oxygen  ia  held  by  such 
a  colnrirg  material ;  how  readily  it  surrenders  it,  and  how  readily  it  re- 
covers it.  Such  a  union  can  scarcely  be  called  an  oxidation  or  a  com- 
bination ;  it  is  rather  an  association. 

All  this  is  preciRcly  what  occurs  in  the  ease  of  h^-matin.  It  takes  ujh 
F  hi  "of  ^'^yg^'i  with  rapidity  aa  it  goes  over  the  celh?  of  the  lung;s, 
ox}r^pand  and  turns  scarlet;  it  surrenders  that  oxygen  with  equal  fa- 
**'**''''■  cility  aa  it  passes  the  systemic  capillaries,  and  tuma  blue. 

This  change  of  color  h  incessantly  taking  place ;  it  is  now  red,  and  now 
blue,  as  the  cells  arc  passing  in  the  greater  and  the  leas  circulation. 

Fonucrly  it  was  supposed  that,  in  the  act  of  respiration,  oxygen  from 
RppDpdoTi  and  the  air  united  with  carbon  of  the  blood  or  of  the  cells,  and 
ttf*''Kw!In'i!y  carbonic  acid  formed,  a  combination  or  perfect  oxidation 
the  Mooti-cpils.  taking  place  in  the  lung.  Bnt,  if  this  were  true,  the  tem- 
perature of  those  organs  should  bo  liigher  than  that  of  tlic  rest  of  the 
body,  and  this  is  by  all  admitted  not  to  be  the  case. 

Tiie  cells  arc  therefore  carriers  of  oxygen.  They  receive  that  vivify- 
ing principle  as  they  move  over  the  respiratory  cells,  and,  freighted  with 
it,  pass  to  all  pails  of  the  body,  not  united  with  it,  nor  disorgani^sed,  nor 
burnt  up  by  it,  but  liohling  it  loosely,  and  ready  to  give  it  up  and  go 
back  again  for  a  fresh  supply* 

The  sac  containing  the  haimatin  offers  no  kind  of  resistance  to  these 
exchanges.  It  will  be  fully  demonstrated  in  the  chapter  on  respiration 
that  this  is  the  case.     Thick  pieces  of  Indin-rubber,  stout  animal  mem- 
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bnmeSi  or  even  mosses  of  stacco,  present  no  obstacle  to  the  passage  of 
gaa^  The  delicate  w^  of  ihe^  c^lls,  a  tissue  of  ttlmo&t  tnconceivaUe 
tenuity,  can  offbr  no  resistance-  The  gas  passes  in  and  out  without  im- 
pediment or  restraint. 

But  iboQgh  in  this  manner  these  little  organisma  perform  their  duty, 
it  is  only  tor  a  time.     They  may  take  oxygen  from  the  air-  _  , 

cells  and  ^ve  it  tip  in  tlie  system*  and  do  this  perhaps  many  cTio  funcdoo  or 
thonsand  times,  "but  it  comca  to  an  ejid  at  last.  The  inces-  "™ 
sant  motion  stops,  and  the  ^voni  and  exhausted  disc  is  brought  to  its  term. 
By  dt^rees,  aa  old  age  steals  over  it,  it  becomes  corrugated  and  relaxed, 
is  un&Lle  to  withstand  chemical  reagents,  a&  its  younger  comrades  can 
do.  Through  the  microscope  it  eecnis  puckered  and  attenuated.  The 
red  color  of  ita  interior  deteriorates  into  a  tawny  tint.  As  with  a  leaf  in 
the  autimin,  the  natural  color  of  which  disappears,  and  yellowness  or 
other  change  precedes  it3  fall,  so  with  the  dying  disc.  Unable  any 
longer  to  discharge  its  duties,  its  existence  ig  brought  to  a  close,  the  de- 
cayed hiematln  ia  shed  out  to  give  a  transient  tawny  tint  to  the  plasma, 
but  is  presently  strained  off  as  one  of  the  constituents  of  bile  by  the  liver. 
Nor  is  the  illustration  here  used  wholly  metaphorical,  for,  in  the  case  of 
herbivorous  animals,  lierzelius  lias  shown  that  the  coloring  matter  of  their 
bile  ia  identical  with  cidorophyll,,  the  coloring  matter  of  leaves. 


CHjVPTER  VIII. 
OF  TEE  CIRCULATION  OF  THE  BLOOD, 

The  JJfari  ru  n  l^furhltie. — /nadriptnrjf  of  IJfrrrr.if'f  dtfftnw.  of  thr  Otrmf'ttion. — J^^su'ot  Pnn- 
eipie  o/t/ti-  Cf'-'Tcffttion  ;  apyHvd  in  iht  case  of  a  Nucirat^  Cefi,  J\^n'hiui  'fi»iive,  AMoji  of 
Sap  and  iff  JSlooft.  —  Dependence  of' the  di'catation  oa  He  spiral  ion. — /brwi-s  f^  C'ircttiatvm ' 
SfelfmtCf  I^itlinoriarif,  Portal.-^rtexrriptioii  oflhe  I/curl  i  its  ,1/u("«j?tiifs. —  Tlirit  l-iircr,  Num- 
ber, dD</  V'l/ir- — fi^nimh  «/'  thf-  Slmrt.-^OtUiC  '>/ ^ta  Cv'trttftiimn.—iJexcriptioii  iff  tte  Arto- 
fiet,  Ciif'Uhiritx,  Veins. — EjpLirialion  o/'  tfie  tIrculuiivFi  t>/  i!k  Bluod. — Facta  stipporli/fif  it. — 
J»e  f'irft  Breath. 

No  fiinction  of  the  animal  mechanism  illustrates  more  strikingly  the 
doctrine  that  wc  must  rely  on  phyt^ical  agents  for  physiological  explana- 
liona  than  that  which  we  have  now  to  consider,  the  circulation  of  the 
lilood. 

We  surrender  some  of  the  moBt  beautiflU  recollectiona  of  elaesical 
mythology,  and  some  of  the  most  cherished  popular  illusions  tkl'  h^nt » 
of  our  own  times.     The  heart,  which  in  tlie  laigher  classes  of  *"  «"Bi»*- 
life  is  the  central  organ  of  impulse  of  the  circulation,  is  to  be  degraded 
into  a  mere  engine.     We  have  to  sireak  of  its  valves,  its  cords,  its  pipes. 
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ancULATION  OF  THE  BLOOD. 

We  have  to  consider  its  exliausting  and  itg  forcing  notion — to  deal  with 
it  just  as  we  should  deal  willi  any  hydraulic  apparatus.  In  the  old 
tiiuea  this  organ  wag  looked  upon  as  tlie  se^tt  of  the  thoughts  and  the 
passions  ;  it  was  the  centre  of  all  good  and  evil,  purity  and  uncleanness, 
devotion  and  love.  In  the  modem  system  the  brain  has  succeeded  to 
the  functions  which  were  once  imputed  to  it. 

The  heart,  then,  is  no  longer  an  altar  on  which  Haraes  are  burning,  no 
longer  the  seat  of  tlie  paasions  and  the  source  of  love.  It  is  a  maclune, 
but  what  kind  of  a  machine?  How  great  is  the  admiration  we  may  ex- 
press  at  its  extpiisite  conslniclion  !  This  little  organ  can  execute  three 
thousand  millions  of  beats  without  a  stop !  In  the  course  of  a  life*  such 
as  we  Bometiincs  meet  ^vith,  it  lias  propelled  half  a  million  tons  of  blood, 
and,  though  momentftrily  wasting,  has  repairod  ita  own  waste  all  the  time. 
The  mathematical  rhythm  of  its  four  moving  cavities,  the  perfect  closure 
of  its  mitral  and  semilunar  valves,  and  the  regurgitating  play  of  its  tri- 
cuspid, have  never  failed  it.  To  the  eye  of  the  intellect  there  is  nothing 
loflt  in  transferring  it  from  the  regions  of  metaphor  and  speculation  to 
the  domain  of  physical  science. 

The  doctrine  of  the  circulation  of  the  blood  was  first  propounded  by 
llMvey'a  doc  Dr.  Harvey  about  two  hundred  years  ago.  It  originated 
[finaofthccir-  ■  ^j  (jjgcovering  of  the  valvca  of  tlie  veins  by  Fabricins  ah 
Wood.  Aquapcndeiitc.     After  many  years  of  discussion,  it  waa  re-^ 

luctantly  received  by  the  medical  profession. 

In  this  doctrine  the  circulation  is  referred  to  causes  tliat  arc  purely 
mechanical,  in  the  strictest  acceptation  of  that  term.  The  contraction 
of  the  walla  of  the  heart  propels  the  blood  through  the  arterial  tubes, 
and  even  througli  the  veins,  the  direction  of  its  movenient  being  insured 
by  a  proper  arrangement  of  valves. 

But  when  comparative  anatomy  and  physiological  botany  were  more 
Its  imperfoc-  extensively  cultivated,  it  was  seen  that  this  doctrine  is  insuf- 
lions,  tieient,  for  the  unity  of  nature  forbids  ua  to  believe  that  nu- 

tritious juices  are  circulated  in  different  tribes  of  life  by  diftcrcnt  forces. 
And  though  it  may  be  that  the  contractions  of  that  central  irapelling 
mechauism  regulate  the  cireuilatian  in  those  organisms  which  have  n  heart, 
what  is  to  he  made  of  those  countless  numbers  which  have  none  ?  In 
thie  group  we  find  the  whole  vegetable  creation,  and  a  majority  of  the 
animal. 

There  is  a  physical  principle  which  has  long  appeared  to  me  sufficient* 
Physical  prin-  Its  use  in  an  explanation  of  the  motion  of  nutritive  juices  in 
L-iiile  involved^  t>*"63^i^*c*^  systems  of  every  class  I  have  tauglit  in  the  Uni- 
rircuUtion.  "  yersity  for  many  years.  It  poseeases  the  advantage,  of  gen- 
erality, since  it  is  applicable  in  every  case,  from  the  circulation  taking 
place  in  a  closed  cell  up  to  that  of  man. 
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In  Ciiapter  VL  ia  a  general  statement  ot*  the  phenomena  and  laws  of 
capillary  attraction ;  the  principle  now  to  be  employed  is  closely  connect- 
ed tlierewith.      It  may  be  stated  as  follows : 

W  two  liquids  coramunicate  with  one  another  in  a  capillary  tube,  for 
the  substance  oi'  which  they  have  aiSiiiticn  of  different  intpnsities,  move- 
ment will  ensue:  the  liquid  baring  the  liighcat  affinity  will  occupy  the 
tube,  and  may  even  drive  the  othiir  before  it.  The  same  effect  will  en- 
aue  m  a  porous  Btructure. 

f^.  ei.  Tims,  let  A,  A,  J^u/.  51,  lie  a  capillary  tube 

Smam^^m^^^^m^^^imn  of  any  kind,  wluch  is  occupied  conjointly  by 
MiKioo  In  » ic»iiiii»ry  tiiLB.  two  Hquids,  «  and  V,  meeting  each  other  in 

its  middle,  c,'  ct  having  a  high  and  y  but  little  affinity  for  the  substance 
of  which  the  tube  consists,  a  will  occupy  the  tube,  pressing  out  v  before 
it  Of  course,  it  is  to  be  understood  that  the  liquids  a  and  v  respect- 
ively commuaLcate  witii  reservoirs  that  can  furnish  thetn  &  necessary 
supply. 

The  various  phenomena  described  under  the  designation  of  cndosmo- 
sis  are  experimental  illustrations  of  the  same  kind-  Thus,  *  ,,j^i-p,| ,  +u,. 
when  water  is  put  on  one  aide  of  a  piece  of  bladder,  and  al-  cspianiuioti  qf 
cohol  on  the  other,  the  water,  having  the  highest  affinity  for  *"  ***'"'***■• 
the  substance  of  whi(;h  the  bladder  consists,  occupies  the  pores  thereof. 
and  exiiela  the  alcohol.  Nor  would  any  of  the  latter  Bubstuticc  find  it.^ 
way  in  the  opposite  direction^  back  into  the  water,  were  it  not  so  soluble 
or  ditfugible  in  that  liquid.  Exosmosis  therefore  takes  place  through 
the  water,  and  conatitulea  a  very  suborduiaie  or  feeble  current. 

Now  it  is  precisely  relations  of  this  kind  that  arc  observed  in  the  cage 
of  the  circulatin|i;  and  nutritive  juices  of  all  organic  beiitga. 

The  simplest  instance  is  presented  by  the  fluid  contents  of  certain  nu- 
cleated cells,  ^x>th  among  animals  and  plants,  in  which  a  cur-  „.  ,  ,  . 
rent  moves  toward,  and  then  from,  the  nucleus,  coming  back  imduated 
in  a  returning  path.  Tlie  fluid  whicli  tlie  cell  contains  yields  ^  *" 
to  the  nucleua,  in  which  seeius  to  be  concentrated  all  the  activity  of  the 
organism,  tlie  nutritive  material  it  requires,  and,  tliis  done,  passes  on  to 
tnake  way  for  other  portions.  The  act  of  nutrition,  therefore,  is  followed 
by  motion,  and  tliis  upon  the  above  simple  principle:  for  the  liquid,  be- 
fore it  approaches  to  the  nucleus,  is  charged  with  nnatcrial  which  the  nu- 
cleus can  attract ;  but  immediately  after  contact  has  taken  plate,  and  the 
material  lias  l>ecn  removed,  the  liquid  maintains  no  longer  any  relation  witli 
tlie  nucleus,  the  affinity  or  attraction  is  satisfied,  and,  so  to  speak,  it  loses 
its  hold  thereupon,  and  is  pressed  ofl'by  new-coming  portions.  Hefore  its 
approach,  and  after  its  departure,  the  liquid  has  opposite  relations  to  tlic 
nacleus,  and  in  this  respect  may  be  regarded  as  representing  two  liquids, 
the  one  having  a  high  affinity,  and  the  other  none,  for  the  nucleus.     Th*- 


132 


CIECLLATION    IN   CELLS. 


y 


ClrcuUtkoD  Id  v«(,'(!i4sbli.'  >%it& 


UlrcDlaiiiiii  In  Tn.deifanltB. 


^  ^  circnlation  in  vegetable  cells  ig  @hown  by  the  di- 

rection of  the  arrows  in  J^iff,  52.  Tlie  coarse  taken 
by  the  current  may  be  determined  under  the  mi- 
croscope by  the  minute  floating,  or,  rather,  drifting 
^niiles.     It  is  to  and  then  froui  the  nucleus. 

J^iff.  53  represents  one  of  ^^  m. 

the  jointed  Iiairs  from  the 
TradescantiaA'irginica,  The 
engraving  is  from  the  view 
given  by  Mr.  Slack,  correct- 
ed, however,  by  the  aid  of  a 
photo^aph  of  a  similar  oV 
ject.  a,  i,  c,  d  are  the  suc- 
cessive cells  of  the  hair.    The 

dotted  lines  ahow  the  direction  of  the  current  to 

and  from  the  nuelciifl. 

The  juice  which  is  about  to  nourish  a  part  has 

rtrculaiwh  ^'^^  '^^^  V^^  *  certain  affinity,  but,  with  the  aceompliahment 
ihroupji  pt-r-  of  thot  nutrition,  the  affinity  is  at  once  lost.  Thus,  for  in- 
viouapans.  g|^j,pj,^  -j^  ^h(,  sjflternic  circuljition,  the  parts  to  be  nourished 
have  a  certain  affinity  for  the  arterial  blood ;  they  take  from  it  whatever 
Mieir  purposes  require,  and,  that  done,  the  relation  at  once  ceases;  the 
blood,  become  venous,  has  lost  its  hold  upon  them,  and  is  pressed  off, 
We  may  conveniently  describe  this  effect  as  a  pressure  of  the  unchanged 
upon  the  changed  liquid. 

The  motions  of  the  aap  in  plants  are  clearly  dependent  on  this  pnn- 
EiplanaiiiOB  of  ciplc.  Leaving  out  of  consideration  the  minor  movements 
^MnToni'ioMp  which  take  place  far  special  purjioacs,  or  at  specific  epochs 
i»f  jilauts.  in  the  dcveIop]nent,  it  may  be  truly  said  that  the  nutritive 

changes  occurring  in  the  leaf  are  the  primary  cause  of  the  motion ;  for,  as 
the  aacending  sap  presents  itself  on  the  sky  face  of  the  leaf,  it  receives 
carbon,  under  the  influence  of  the  sunliglit,  from  the  air,  and  becomes  con- 
verted into  a  gummy,  glutinous  liquid.  And  just  ng  in  the  pores  of  ft 
bladder,  or  in  those  of  any  pervious  mineral,  pure  water  will  drive  out 
gum-water,  and  occupy  the  pore,  so  will  the  ascending  sap  expel  the 
gummy  aolution  from  the  capillary  tubes  or  intercellular  spaccB  of  the 
leaf.  Aa  fast  as  this  takes  place,  the  active  liquid  becomes  inactive,  by 
itself  changing  into  a  gummy  solution,  and  the  movement  is  perpetii.ited. 
And  this  ensues  not  only  in  the  leaf,  but  in  every  part  of  the  plant;  the 
liquid  to  be  changed  presses  upon  tliat  which  has  changed,  and  forces 
It  onwards  In  this  manner,  motions  in  various  part?  and  of  very  great 
intricacy  will  ensue,  but  all  of  them,  if  duly  considered,  no  matter 
whether  their  &eat  be  in  the  root  or  in  the  bark,  in  the  flowers  or  in  the 
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le&ves,  no  matter  whether  they  take  place  in  the  height  of  summer  or 
just  at  the  close  of  winter,  when  the  pap  first  riee&,  or  even  in  the  germ- 
iDating  seed  which  is  under  the  ground,  and  has  inevcr  yet  been  exposed 
to  the  light,  may,  without  difficulty,  be  referred  to  the  nutritive  change 
carried  on  in.  ti.e  leaves  of  the  plant  under  examination,  or  its  parent,  by 
the  influence  of  tiie  rays  of  the  sun. 

All  thia  holds  good,  not  only  in  the  nutrition  of  a  cell,  the  more  com- 
plicated nutrition  of  the  various  parts  of  a  flowering  plant,,  or  Explnnahon  uf 
even  of  an  animal,  but  likewise  in  those  destructive  changes  eir.'(ii'ftii™'of 
restricted  to  the  latter  claas,  and  arising  in  interstitial  decay  ;  aiiimjib, 
for  the  blood  has  a  double  duty  to  perform  :  it  not  only  serves  for  nutri- 
tion, but  also  for  the  removal  of  eflctc  and  dying  parts.  These  it  effects 
the  osidation  of,  their  carbon  passing  into  carbonic  acid,  their  hydrogen 
into  water ;  and  this  is  accomplished  by  the  oxygen  which  has  been  ob- 
tained in  the  proceaa  of  respiration.  The  scarlet  or  arterial  blood,  charged 
with  itg  oxygen,  passes  to  all  parts  of  the  economy  in  search  of  organic 
particles  ready  to  be  removed ;  it  effects  their  disorganization,  and,  becom- 
ing thereby  venous,  is  pressed  onward.  And  now,  if  we  recall  that  nu- 
trition in  animals  depends  on  the  access  of  air — even  fibrin  can  not  arise 
from  albumen  except  under  that  condition — we  can  not  avoid  tlie  con- 
clusion that  all  operations  of  repair  and  all  operations  of  waste  arc  made 
to  conspire  together  for  the  production  of  movement ;  and  though  every 
part  offera  ila  own  special  cause,  aa  depending  on  nutrition,  or  disente- 
gration,  or  secretion,  they  may  be  all  grouped  togetlier  as  tlie  necessary 
results  of  one  more  primitive  operation,  which  is  the  supply  of  oxygen 
to  the  blood  in  the  respiratoiy  mechanism. 

In  my  view  of  this  subject,  it  is  therefore  the  arterialization  of  the 
blood  in  the  lungs  which  is  the  cause  of  the  circulation  in  p^,  ^.„Jc^,ce  ot 
man.  I  consider  the  circulation  as  the  consequence  of  res-  lifculmioii  in 
piration ;  and  though,  in  one  gense,  the  minor  causes  are  ^  ^  "^spimtion. 
numerous,  each  portion  of  nervous  material,  each  muscular  fibre,  every 
secreting  cell  working  its  own  way,  these  subordinate  actions  are  all 
referable  to  one  priinordial  act,  and  that  is  the  ejcposure  of  the  blood  to 
the  air. 

Whatever,  therefore,  interferes  with  I'espiration,  interferes  with  circula- 
tion. If  an  irreapirable  gas  is  thrown  into  the  cells  of  the  lungs,  the 
passage  of  the  blood  ia  instantly  arrested,  and  asphyxia  ensues.  Or,  if 
the  access  of  the  air  is  cut  off,  as  in  drowning,  in  vain  the  Jieart  excrtf« 
its  utmost  convulsive  throb— it  is  unable  to  drive  forward  the  r-nBu  uf  res- 
blood;  and  in  those  cases,  by  no  means  infrequent,  yet  un-  ^"h^by"*"* 
donbtedly  the  most  surprising  occurring  in  the  practice  of  drowning. 
medieinc^ — ^restoration  from  dcalli  after  drowning,  the  whole  success  turns 
on  one  condition,  the  re-establishment  of*  the  arterialization  of  the  blood. 
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If  that  be  accomplished,  the  circulation  is  TB3tored,f  and  tUe  heart  pro- 
cseeds  with  its  duij.  And  for  tlicse  reasons,  I  beheve  that  in  many  cases 
success  would  be  had,  where  failures  are  mow  cx]>erienccd,  if,  instead  of 
resorting  to  atmospheTLc  aLr,  piiic  oxjgeu  gas  or  protoxide  of  nitrogen 
were  admimstercd. 

In  the  more  highly-developed  organiBnia  tlic  objects  of  the  circulation 
are  threefold  :  1st.  To  minister  to  the  nutrition  of  the  system  ;  ^d.  To 
uitroduce  oxygen;  3d-  To  remove  the  products  of  waste.  In  man,  these 
various  results  are  accomplished  by  several  different  arrangement i« :  Ist. 
The  greater,  or  systemic  circulation  ;  2d.  The  less,  or  pulmo- 
d&itei  of  nary  circulation  ;  3d.  The  portal  circulation  ;  4thi  The  Malpi- 
.irciutioa.  ^|jj^^  circulation,  &c 

The  course  taken  by  the  blood  ia  as  follows.  Leaving  the  left  ventri- 
CounM-ofthe  '^^^  of  thc  licnrt,  it  psscs  into  the  aorta,  and  is  distributftl 
Wottdiriiiasrs-  by  the  ramiHcfttioiis  thereof^  coiiatituting  the  systemic  arte- 
■■DiiiiTY"cireu-~  ^^^^  tf>  ^11  parts  of  the  system.  It  moves  onward  through 
Istiona.  tije  capillaries,  wliich  tDay  at  once  be  considered  as  the  term- 

inal ramiiications  of  the  arteries  and  the  commencing  tubelets  of  the 
^eina.  These,  converging  into  larger  and  larger  venous  trunks,  the  sys- 
temic veins,  deliver  it  into  the  ascendmg  and  descending  venii'  cavas  fi-om 
which  it  flows  into  the  right  auricle,  and  from  thence  into  the  right  ven- 
tricle of  the  heart.  From  thence  it  is  driven  into  the  pulmonary  arterj', 
to  be  diatributetl  to  the  lungs,  and,  coming  therofiTjni  along  the  pulmo- 
nary veins,  reaches  the  left  auricle,  and  from  thence  it  gains  the  left;  ven- 
tricle, which  was  its  starting-point. 

In  the  pulmonarj'"  veins,  thc  left  cavities  of  thc  heart,  and  in  the  sy»- 
r...  -L  .■  f  tcnnic  arteries,  the  blood  ia  crimson.  In  the  systemic  veins, 
oimswn  aR<i  of  the  right  cavities  of  the  heart,  and  pulmonarj'  artery  and  its 
■"^  "  branches,  it  is  blue.  The  change  from  crimson  to  blue  takes 
place  in  the  Bystemic  capillaries,  and  from  blue  to  crimson  in  the  pulmo- 
aaxy.  The  eystemic,  or  greater  circulation,  is  considered  as  beginning 
at  the  left  ventricle  and  ending  at  thc  right  auricle ;  the  pulmonary,  or 
less  circulation,  begins  at  the  rigiit  ventricle  and  ends  at  the  left  auri- 
de.  This  double  course  is  sometimes,  atnong  authors,  illustrated  by 
likening  it  to  the  figure  8,  the  upper  loop  representing  the  pulmonary, 
thc  lower  the  sj'stcmic  circulation,  and  the  heart  placed  at  the  nodal  point. 

As  has  just  been  remarked,  there  arc  other  subordinate  circulations. 
The  portal  but  of  these  only  one  need  attract  our  attention  at  present — it 
rircuUiion.  j^  (1,^  portal.  This  originates  in  a  system  of  capillaries,  thc 
veins  belonging  to  tlie  digestive  apparatus,  which,  converging  rapidly  to- 
gether, form  a  common  trunks  the  portal  vein.  This  at  once  ramifies 
like  an  artery  in  the  substance  of  the  liver.  From  the  resulting  capilla- 
rtes,  thc  portal  blood  passes  into  the  commencing  capillaries  of  the  hepat- 
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ic  veins,  whicfi  emptj  into  the  infeiior  vena  cava,  and  so  it  reaches 
the  getieral  circulation.  The  physical  pccaliarity  of  the  portal  cir- 
ctilalion  is,  that  it  commences  in  a  capillary  system,  and  eiida  in  one, 
without  the  intervention;  of  any  central  organ  of  inipiilso,  or  heart.  At  « 
very  early  [wriod,  comparative  anatomists  were  struck  with  Vortf)  «rpnl«- 
thc  analogy  bctvrecn  the  portal  circulation  in  man  and  the  """11-^0™!' ' 
systemic  circntation  of  fishes,  both  being  carried  on  in  the  fliii. 
same  way,  that  is,  without  a  heart.  In  hshea^  the  heart  is  a  branchial, 
respiratory,  or  pulmonary  one  Their  syalemic  circulation,  or  circnlfl- 
tion  of  crimson  blood,  commences  in  the  capillfirics  of  the  re-^piratorj-  ap- 
paratuit,  the  gills ;  a  convergence  takes  place  into  an  aorta,  which  ramifies 
into  systemic  cajiilljirie-''.  So  the  great  cii-enlation  in  thoJ?D  titU'S  is  nc- 
compIisheJ  without  any  heart.  It  is  scarcely  necessary  to  point  out  th(i 
bearing  of  such  a  fact  on  the  theories  of  the  movement  of  the  blood. 

In  J^/^.  54  is  a  diagram  of  the  ciTcuIatlon  of  a  fish;  fl, 
is  the  auricle;  i,  the  ventricle  ;  0,  the  branchial  or  pulmo- 
nary arterj';  e,  1?,  the  branchial  or  pulmonary  veins,  bring- 
ing blood  from  t/,  the  bt'anchuc,  and  converging  directly  to 
y,  the  aorta,  whicli  di-stributea  tlie  systemic  blood.  Thin 
is  collected  into  a  vena  CAva,  g^  and  ao  brought  to  the  au- 
richi,  a.     There  is  therefore  no  systemic  lieart. 

The  further  discussion  of  this  Bubjcct  wUl  be  contiimcd 
as  followa;  "Wc  shall  des^cribe,  Ist,  the  construction  and 
action  of  the  heart ;  2d,  of  the  arteries  ;  Hd,  of  the  capil- 
laries ;  4th,  of  the  veins.  "Wc  sb^ll  then  prt^sent  a  view 
of  the  combined  result  of  these  various  mechanisms, 

Ist,  The  Ileai't.    Tiie  first  appearance  of  the  heart  ia  as 
a  cavity  arising  in  a  collection  of  cells,  by  deli- 
quescence or  separation  of  the  central  one-s.     At 
this  early  period,  and  even  before  the  cavity  has  fairly  formed,  pulsation 
may  lie  observed.      The  or^in  soon  assuniea  a  tubular  form;  and  this, 
F^,  M.  becomijvg  curved,  as  shown  in  I^iff. 

%  Mf  ^_,   55,  differentiate  a  into  three  compart- 

jMn*         J^M  !^Kt)mt'      "'^"*^''*'  ^^^^  arterial  and  venous  con- 

'^^'^  ^^■IjH        nections ;  1,  the  venous  trurdts;  2, 

^^^'       the  auricle  ;  3,  the  ventricle  ;  4,  the 

bulims  arteriosus.      Jbeiorm  to  Ix- 

erentually  assumed  is  foreshadowed  in  the  manner  in  which  the  curved 

I  tube  develops,  the  arcli  of  the  curve,  2,  bulging  so  as  to  form  a  conical 

I  ventricle.     Tliia  tri-chaudjeTed  h&vrt  remains  jicrmancnt  in  fishes,  as  seen 

I  in  the  preceding  figure  (54),  of  which  c  is  the  third  chamber.     Ibif  in  birds 

I  ocd  mammnlat  the  aortic  bulb  merges  into  the  ventricle,  through  which, 

I  as  well  as  through  the  auricle,  a  septum  or  partition  Is  established,  and 


fflreiilKtlitn. 


Tbs  heart- 
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l)i,4p«na  uriiln^le  liixri. 


Aj-«^  thoa  a  double  lieart,  or  one  of  four  cham- 

bers, arigea. 

The  diagram,  -Fig.  QQ^  rcpresente  a 
double-chambpred  heart,  d  Leiiig  its  ami- 
de, e  the  ventricle,  f,  c,  tlie  veins  converg- 
m^  to  the  auricle,  a  the  aorta  or  main  arte- 
r>-  passing  from  the  ventricle.  Tlie  course 
of  tJie  blood  is  indicated  by  the  arroivB. 

The  heart  with  four  cavities  may  be 
considered  aa  arising  from  the  conjiuiclton 
of  a  pair  of  the  preceding  form,  with  their 
cftbrent  and  atFercnt  tubes.  Or  arteries 
and  veins,  so  modified  or  ananged  that 
the  right  heart  receives  its  blood  tVoin  the 
system  in  an  auricle^  from  which  it  passes  into  a  ventricle,  and  thenee  to 
Fi^^'i.  the  hings.     From  the  lungs,  after  aeration, 

tiiis  blood  is  l>Tought  to  the  auricle  of  the 
left  heart,  thence  into  its  vc-ntricic,  and 
thence  to  the  aorta-  Thouf^U  all  four  cham- 
bers are  gcncniUy  coalesced  into  one  conic- 
al form,  the  heart  of  the  dugong,  Fig.  57, 
presents  the  true  typical  structure;  E  is 
the  right  or  pulmonary  ventricle,  L  the  left 
or  systemic  ventricle,  their  apices  being 
■  piite  apart ;  D  is  the  right  or  sypteniic  au- 
ricle, F  the  pulmonary  artery,  K  the  left  or 
ihuirt  ..I  111.  duBone.  pulmonary  auricle,  and  A  the  aorta. 

Fitj.  58  is  the  anatomy  of  the  hnman  lieart  as  viewed  upon  the  right 

side,  the  figure  and  description  being: 
from  Dr.  E.  Wilson.  3,  the  cavity  of 
the  riglit  auricle ;  2,  the  appendix  au- 
ricula; ;  ■%  the  BuperioT  vena  cava, 
opening  into  the  upper  part  of  the 
right  auricle ;  4,  inferior  vena  cava ; 
5,  the  fossa  ovalia ;  the  prominent 
ridge  surrounding  it  is  the  annulus 
ovalis;  0,  the  Eustachian  valve;  7,  the 
opening  of  the  coronary  vein  ;  8,  the 
coronary  valve;  9,  the  entrance  of  the 
auriculo'vejitricular  opening;  a,  the 
right  ventricle  ;  h^  e,  the  cavity  of  tlie 
uuHian  bMK  Oil  tiiP  rm^it  aide-  Tight  ventriclc,  on  tlie  walls  of  which 

the  columnar  cameae  arc  seen  ;  c  is  placed  in  the  channel  leading  upward 
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to  the  pulmonary  artei^,  d,  e,f,  the  tricuispid  valve ;  e  is  placed  on  the 
anterior  curtain,  and  ^/*  on  the  right  curtain;  p,  the  long  columna  carnea, 
to  the  apex  of  which  the  anterior  and  right  curtaina  of  the  tricuspid 
valve  are  connected  hy  tiie  chorda:^  tendine^T ;  /;,  the  long  moderator 
band;  a,  the  two  columna;  camea'  of  the  right  curtain;  A,  the  attach- 
ment by  chordcG  tendinea?  of  the  left  limb  of  tlie  anterior  curtain  ;  /,  /. 
chordae  tendinea^  of  the  fixed  curtain  of  the  valve ;  r/iy  the  valve  of  the 
pnlmouary  artery :  the  letter  of  rderenco  13  placed  on  the  inferior  semi- 
lunar segment ;  >t,  the  apex  of  the  right  appendix  auricula: ;  o,  the  left 
ventricle ;  JO,  the  ascending  aorta;  jr,  ita  arch,  with  tlie  three  arterial 
irankd  which  arise  from  the  arch ;  /',  the  descending  aorta. 

J^ig,  59  exhibits  the  view  of  the  organ  on  its  left  gidc.  Like  the  pre- 
ceding, the  iigure  aiid  deacription 
are  from  Dr.  Wilson,  1,  cavitj' 
of  the  left  auricle :  the  number 
13  placed  on  that  portion  of  the 
septum  aiiricularuni  correspond- 
ing with  the  centre  of  the  fossa 


f^,  w. 
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ovalis  ;  2,  cavity  of  the  appendix 
ji*"^8i  imrioulfe ;  3,  opening  of  the  twri 
right  pulmonary  veins ;  4,  tlic 
siniia  into  whicii  the  left  pulmo- 
nary veins  Open  ;  5,  the  left  pul- 
monary veina ;  f>,  the  auriculo- 
ventricular  opening;  7,  the  coro- 
nary vein,  lying  in  the  auriculo- ventricular  groove  ;  8,  tlie  left  ventricle ; 
9,  9,  the  cavity  of  the  left  ventricle.  The  numbers  rest  on  the  septum 
ventriculorum.  «,  the  mitral  valve :  its  flaps  are  cotmected  by  chorda- 
tendinese  to  b^Kh^  the  columns  carnese;  c^  c,  fixed  columnm  carneie,  form- 
ing part  of  the  internal  surface  of  the  ventricle  ;  if^  the  arch  of  the  aorta, 
t'rOBi  the  summit  of  which  the  three  arterial  trunks  of  the  head  and  up- 
per extremities  arc  seen  arising;  c,  the  pulmonary  artery ;  y",  the  oblit- 
erated ductus  arteriosus  ;  ff,  the  left  pulmonary  arterj-;  A,  the  right  ven- 
tricle ;  /',  tlie  point  of  the  ap|>cndix  of  the  right  auricle. 

Externally,  the  lieart  is  covered  by  a  serous  membrane,  pericardium. 

and  in  its  interior  is  sheathed  by  the 
endocardium,  an  extension  of  the  inte- 
rior coat  of  the  great  blood-vessels. 
Though  ita  movements  are  wholly  in- 
voluntary, ita  muacalar  fibres  arc  of  the 
transversely  striated  kind.  They  are 
about  one  third  leaa  in  diameter  than 
those  of  voluntary  musclea  generally, 
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and  are  especially  characterized  by  their  digpositioti  to  anastomoae  witli 
one  another,  na  represented  in  I^ig.  60.  In  the  ventriclcB,  ihc  arrange- 
ment is  such  that  the  fibres  of  the  external  and  internal  surfaces  decus- 
gate. 

The  motions  of  the  heart  consist  in  the  relaxations  and  contractions  of 
ReiBsatiuns  the  rauscular  walla  of  its  cavities.  The  two  auricles  contraci 
tk.n6™rSe'  *^  ^^^  ^^'^^  moment,  m  do  abo  the  two  ventricles,  hut  thi! 
beart.  contractions  of  the  auricles  coincide  with  tlie  relaxations  of  the 

ventricles. 

The  course  of  the  hlood  through  the  heart  is  this.  The  venous  blood, 
Uourse  or  the  ^roiight  by  the  ascending  and  descending  cava?,  flows  into 
blood  in  ttie      the  rielit  auricle  na  It  is  dilating,  and  for  the  moment  uushcs 

heart,  Bii^l  „  ^,  ,  ■11  1  .,^,  .-i 

mwomcnts  of  lOTward  to  the  ventricle,  hut  the  auncle,  being  of  less  capac- 
the  valves.  j^y  \\x^^  tJjQ  ventricle,  is  filled  to  distentJon  first ;  at  this  in- 
stant it  contract&,  forcing  its  contents  past  the  tricueiiid  valve  into  the 
ventricle,  and  fills  it  completely.  The  hlood  can  not  regurgitate  iiito  the 
veins  to  any  extent  while  this  is  going  on,  because  of  the  almost  perfect 
closure  of  their  valves.  The  right  ventricle  now  commences  to  contract; 
its  fleshy  columns  shorten  so  as  to  pidl  upon  the  tendinous  cords  attach- 
ed to  the  flaps  of  the  tricuspid  valve :  this  enables  the  blood  to  get  be- 
hind thetn,  and  tlicy  quietly  close  the  aperture  between  the  auricle  and 
ventricle;  the  closure  is  not,  however,  under  all  circumstances,  perfect, 
the  nicchflnisni  being  Buch  as  to  permit  leakage  or  regurgitation  to  a  lim- 
ited extent.  The  blood  now  rushes  into  the  pidmonary  artery,  passing 
by  its  semilunar  valves,  which,  the  moment  the  ventricular  pressure 
ceaseSj  shut,  so  as  to  prevent  any  return  to  the  heart. 

Having  passed  through  the  lungs  and  been  suhraitfcd  to  the  air,  the 
blood  now  returns  to  the  left  auricle,  wliich  forces  it  into  the  left  ventri- 
cICt  the  action  on  tliis  aide  of  the  heart  being  the  same  as  on  the  other; 
the  mitral  valve,  which  closes  the  oi>ening  from  the  auricle  into  the  ven- 
tricle, is  worked  in  the  same  manner  as  the  tricuspid,  and  the  blood  is 
pressed  into  the  aorta,  the  semilunar  vaK'es  of  which,  at  that  instant, 
shut  abruptly  with  an  audible  sound,  and  prevent  any  regurgitation.  In 
thia  manner  the  distribution  to  the  system  is  accomplished. 

On  both  sides  of  the  heart,  as  soon  as  the  auricles  have  finished  their 
contraction,,  they  begin  to  dilate,  and  continue  to  do  so  during  the  peri- 
od that  the  ventricles  are  contracting.  Tlina  there  is  an  accumulation 
In  them  when  the  ventricles  are  ready  to  dilate,  and,  as  soon  as  that  oc- 
curs, the  blood  flows!  freely  forward  into  those  cavities,  the  complete  dis- 
tention of  whicli  is  then  accomphshed  by  the  contraction  of  the  auricles, 
as  before  explained. 

M(.vcm™i«  of  The  mode  of  action  of  the  two  sets  of  cavities  is  different, 
and  vmtriclei   ^^^^  auricles  contract  suddenly,  first  at  the  place  of  junction 
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of  their  Teins,  the  effect  passing  qtxickly  forward ;  the  ventricles  con- 
tract more  slowly,  but  ainiultaneoualy  iii  every  part. 

Ihirijig  each  beat  of  the  heart  two  sounds  may  be  heard,  followed  by 
a  silence.  The  first  sound  is  dull ;  the  second,  which  fol-  Soands  of  tbr 
lows  it  quickly,  is  gharp.  They  may  be  imitated  by  artic-  l'^-'*"- 
ulating  the  syllables  lubb,  dup*  The  tirst  i--*  due  to  the  contraction 
of  the  muscular  fibres  of  the  ventricles,  and  the  striking  of  the  apex  of 
the  heart  against  the  wall  of  the  chest ;  to  a  certain  extent,  the  opening 
of  the  seniiiunar  ralves,  and  the  rush  of  tbe  blood  into  the  puhuonarj 
artery  and  aorta  contribute  to  it.  The  second  sound  is  due  to  the  shut- 
ting of  the  semilunar  valves  of  the  aorta  and  pulmonarv-  artery. 

At  each  contraction  of  the  ventricle?*  the  heart  strikes  against  the  walls 
of  the  chest,  usually  between  tlie  fifth  and  sixth  ribs,  and  an  inch  or  two 
to  the  left  of  the  stemuni.  This  motion  is  partly  due  to  the  action  of 
the  spiral  mascular  fibres  of  the  ventricles,  which  gives  a  tilt  to  the 
heart,  and  partly  to  the  globular  form  which  the  whole  organ  suddenly 
as&umes. 

The  number  of  pulsations  made  by  the  Jicart  differs  ven'  much  at  dif- 
ferent periods  of  lifo:  at  birth  it  is  from  130  to  140  per  stniibcroffml- 
minute;  at  the  seventh  year,  from  80  to  85  ;  during  mature  *«i"«n»- 
life,  from  70  to  75^  and  in  ohl  age,  from  50  to  65.  In  females  it  in 
more  frequent  tlian  in  males.  It  obscnes  a  general  relation  with  the 
number  of  respirations,  five  pulsations  commonly  occurring  during  one 
rCBpiration*  It  varies  with  incidental  circumstances.  Ihiring  sleep  it 
declines  in  frequency;  after  eating,  or  during  exercL*?*,  it  is  quickened. 
Examined  from  morning  to  evening,  it  becomes  slower  by  degrees.  Ly- 
ing down,  the  pulse  is  slower ;  in  a  sitting  posture^  more  frc?*|ncnt ;  and 
Btill  more  so  when  standing,  the  variations  depending  on  muscular  exer- 
tion. In  conditions  of  disease,  the  ratio  between  the  number  of  pulsa- 
tions and  reftpirations  is  variable^ 

The  walls  of  the  left  ventricle  arc  twice  as  thick  as  those  of  the  right, 
and  the  force  of  its  contractions  in  aljout  double.  The  ca-  t,  .  ^ 
pacity  of  the  two  ventricles  is  nearly  the  same,  and  is  taken  power  of  the 
at  about  three  ounces.  The  active  force  with  which  the  au-  ^^  *" 
ricles  dilate  is  feeble,  and  wholly  incompetent  to  exert  any  tiling  like  the 
suction  power  at  one  time  snppo!?ed,  yet  that  they  are  not  distended  by 
the  mere  influx  of  the  blood  is  satisfactorily  proved  by  their  dilatation 
after  the  heart  hag  been  cut  out. 

With  re-^^pect  to  the  absolute  force  which  the  left  ventricle  exert:*  for 
the  propulsiot]  of  the  blood  into  the  systemic  arteries,  it  is  stated  to  be 
13  lbs.  This  result  is  derived  from  the  consideration  that  the  presaure 
of  the  blood  in  the  aorta  is  about  4  lbs.  3  oz. 

That  the  motions  of  the  heart  can  not  be  referred  to  the  presence  of  the 
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„  .  .  blood,  or  any  reflex  action  arising  irom  the  cerebTO-apinal 
moiioniorthe  ay  stem,  but  must  be  attributed  to  tlte  organ  itself,  is  proved 
by  tlicir  contiimaiice  after  its  excision  from  the  body,  or  even 
after  it  kns  been  cut  in  pieces.  Some  have  supposed  that  the  minute 
aympathetic  ganglia  with  which  it  is  fumishcil  are  the  source  of  the  mo- 
tive power;  others  &rQ  disposed  to  impute  it  to  a  sclf-contractilc  power 
of  its  muscular  tibrcs,  irrespective  of  any  nervous  agency.  Of  course,  it 
is  admitted  by  all  that  the  brain  and  spinal  cord  can  influence  these 
movements,  but  such  eflecta  are  superadded  and  not  nnifonn. 

Of  these  opinions,  we  shall  find  many  reasons  for  preferring  the  first 
when  we  come  to  the  description  of  the  ner^-ous  mechanising  It  will  be 
then  seen  that  one  of  the  prominent  functiona  of  ncrvoua  ganglia  of  a  cer- 
tain order,  and  particularly  the  ganglia  of  the  sympathetic,  \s  the  storing 
up  of  impressions  they  have  received,  and  thus  licconiing  reservoirs  or 
magazines  offeree*  The  power  thua  engendered  or  contained  in  them 
is  by  no  means  always  delivered  out  in  totality  at  once,  but  it  may  be 
in  small  portions,  at  intervals,  for  a  long  time?  and  doubtless  in  this 
way  the  minute  sympathetic  ganglia  of  the  substance  of  the  Iicart  retain 
a  power  of  keeping  up  the  motions  of  tliat  organ  for  a  certain  period  of 
time,  even  though,  gi'cat  lesions  or  niorliid  ciiangcs  may  have  su|}ervened. 
8ucli  a  mechanism  recalls  the  manner  in  which  chronometers  are  kept 
going  during  the  short  time  tliat  the  action  of  the  main-spring  is  taken 
oiF  when  tlie  watch  is  wound  up. 

2d.  The  artcrica  are  tulws  consisting  of  diiferent  tunica  or  layers  va- 
Dfliicripiionof  riously  numbered  by  anatomists,  but  wliich  may  be  suffi- 
ihB  ■ritriea.  cisotly  described  as,  1st.  The  exterior  titnie,  containing  Hbres 
generally  running  lengthwise,  connective  and  elastic  tissue :  it  is  of  about 
the  same  tinolcncss  as  t]ie  tunic  below:  2d.  Tlie  middle  tunic,  character- 
iacd  by  Ixiing  composed  of  non-strralcd  nniscular  fibres  circularly  ar- 
ranged ;  3d.  The  interior  tunic,  which  is  thin,  and  consists  of  a  cellular 
or  epithelial  layer,  smooth  and  polished,  to  peiiiiit  of  the  ready  passage 
of  the  blood. 

The  elasticity  of  the  arteries  enables  them  to  sustain  the  sudden  action 
of  the  heart  by  distending  to  a  certain  degree  aa  the  blood  is  driven  into 
them,  and  by  their  gradual  collapse  when  the  ventricles  cca.'^c  their  pres- 
sure^ the  jetting  or  intermitting  flow^  is  converted  eventually  into  a  con- 
tiimoua  stream.  The  mechanical  inHucncc  of  the  heart  is  thus  decom- 
posed into  two  portions :  one,  which  is  of  momentary  duration,  or,  at  all 
events,  huiithig  only  so  long  as  the  ventricle  contracts ;  and  a  second, 
which  is  occupied  in  distending  the  elastic  arterial  tube;  but  this  por- 
tion is  not  lost  to  the  circulation,  since  the  tube,  as  it  contracts,  jaelds 
it  back  again  to  the  blood*  The  moraentaTy  impulae  of  the  heart  is  thus 
spread  over  a  considerable  duration  without  loss. 
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The  muBcularitj  of  the  arteries  ia  aliOwti  by  their  contraction  on  ex- 
posure, their  subsequent  dilatation  being  due  to  tlieir  elasticity,  this  con- 
IractiLe  property  being  continued  for  some  time  after  death.  It  13  also 
proved  by  the  great  diminution  of  diameter  which  arteries  exhibit  when 
under  the  influence  of  an  electric  current.  The  quantity  of  muscular 
and  elastic  tissue  in  different  arterial  tubea  is  usually  in  an  inverse  pro- 
portion. In  the  great  arteries  the  elastic  tissue  abounds^  in  the  Braalier 
the  muscular  increases.  By  their  muscular  coat  the  quantity  of  blood 
in  these  tnbes  can,  within  certain  limits,  be  regulated. 

At  each  injection  of  blood  into  it  an  artery  distends.  It  then  con- 
tracts, aiid  thus  gives  origin  to  a  pulsation.  Its  increase  \a  Action  of  the 
both  in  diameter  and  length,  the  tendency  being  to  lift  it  jit  Brwriea. 
oacli  pulsation.  The  distention  does  not  occur  at  the  same  instant  in 
idl  these  tubes,  but  those  nearest  to  the  heart  yield  first,  and  the  more 
distant  a  little  later.  There  is  therefore  what  may  be  termed  a  wave  of 
distention  passing  throughout  the  length  of  each  arterial  tube,  and  an- 
other actual  wave  in  the  blood  itself.  These  pass  onward  at  ditferent 
i-ates  of  speed.  The  interval  of  wavc-tnotion  from  the  heart  to  the 
wrist  is  about  one  seventh  of  a  second*  CM"  coiurse  this  wave-motion  is 
to  be  distinguished  fi-om  the  absolute  movement  of  the  blood,  which  is 
much  slower.  In  the  carotid  arterj.'  the  flow  of  tlic  blood  is  about  one 
foot  in  one  second. 

A  pressure  or  impact,  communicated  to  a.  liquid  in  a  long  tube,  is 
transmitted  to  the  more  distant  end  with  vastly  more  rapidity  than  the 
liquid  itself  could  flow  throuj^h  the  same  distance.  Thus,  if  we  were  to 
suppose  a  very  long  metal  tube  to  be  filled  completely  witli  water,  its 
two  ends  having  been  tiglitly  closed  by  tying  pieces  of  bladder  over 
them,  the  tap  of  a  finger  on  one  of  the  pieces  of  bladder  would  be  almost 
instantly  felt  by  a  finger  laid  on  the  other.  Indeed,  it  has  boon  pro- 
posed to  establish  telegraphic  communication  on  this  principle,  though 
such  attempts  would  prove  abortive  trom  the  interference  of  collateral 
circumstances.  This  example  may  serve,  however,  to  illustrate  the  es- 
sential difference  between  the  flow  of  a  liquid  in  a  tube  and  the  paaaagp 
of  a  pulsation  through  such  a  liquid  contained  in  such  a  tube. 

The  capillaries  may  1>g  regarded  as  tubular  continuations  of  the  arte- 
ries and  the  commencement  of  the  veins*      Tliev  ramify 

111  mi  ^  -i*  ThocBpIllanw. 

through  the  organic  structures.      1  hey  arc  or  pretty  uuitocnl 
diameter,  and  may  tberctbrc  be  looked  upon  as  cylinders-     Tlieir  usual 
tjize  J8  about  ■j-g'^  of  an  inch  ;  their  mode  of  distribution  varies  with  the 
structure  and  functions  of  the  part  they  occur  in :  thu&,  in  muscles  they 
run  parallel :  in  the  papilla?:  they  are  looped. 

They  consist  essentially  of  a  delicate  structureless  membrane,  aualo- 
gous  to  cell  membrane,  and  the  Barcolemma  of  voluntary  muscles.     Il 


CkplUuT  dlfUibikU'^n  to  iiiiiO(;iua  tceiobraae  cf 
Htonibcti. 


L'«plLUu7  (llKtriljittiuD  lo  villi  uf  duodeuum. 


The  intei-spnces  Letwecn  adjacent  capillaries  vary  much  in  size  and 
SiM  of  inter-  3^iftp<N  the  Iftttpr  variation  being  dependent  on  tlie  mode  of 
^^woes.  distribution,  whether  parallel,  reticulated,  looped,  &c.;  as  to 

fltzGi  in  the  liver  the  interspaMS  are  of  Icaa  dianirter  than  the  capiliariea* 
in  the  choroid  coat  still  smaller,  but  in  the  cellular  coat  of  the  arteries 
ihoy  are  ten  times  larger  than  the  vesseliS.  These  interstitial  spaces  arc 
nourished  by  the  matter  which  exudea  through  the  iJiin  walls  of  the  cap- 
illaries. 

^.  a  ^'ff-  fi3  represents 

the  capillary-  circula- 
tion in  the  web  of  the 
frog's  foot:  ff,  venouf 
trunk  ;  //,  b^  branches 
of  venous  trunk ;  <?,  f, 
pigment  cells.  Tbf 
elliptical  blood-discp 
are  Been  in  outline  in 
(he  interior  of  the  ves- 
sels. 

The  blood  flow.« 
tlirongh  the  rapiUa- 
VLC3  iu  an  uninterrupt- 
ed atreain,  its  jetting: 
motion  being  ciilirelj' 
lost*  The  ral  e  of  cir- 
culation through  the 
C«pi]UiT  cSrcui«iig»  ^\  fi-.*'*  foot  systcniic  capillaries  t^ 
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taken  at  tliree  inches  per  minute,  that  tlirough  the  pulino-  jjotionufthp 
nary  being  five  times  as  quick,  the  lengtli  of  the;  capillary  tube  Wood  in  the 
to  be  passed  ^  of  an  inch,  so  that  the  passage  from  the  ar-  *^'^i"^'^"f  • 
teiy  to  tiie  vein  may  be  accomplished  in  less  than  one  second.  It  is  to 
be  remarked,  however,  that  all  parts  of  the  cylindrical  streaan  do  not 
move  with  equal  rapidity.  Tiiose  parta  which  are  nearest  to  the  wall  of 
tKe  vessel  are  spoken  of  as  tlie  still  layer,  Irom  theit  tardy  movement. 
It  15  in  this  that  the  white  coTj)U3cles  may  be  seen. 

Fiy.u.  -^^ff-  fi'i  shows  a  portion  of  a  small 

Tcssel  from  a  frog's  foot:  «»  a,  red  blood 
elliptic  cells,  occupying  the  axis  of  the 
vessel,  and  exterior  to  them,  moving 
more  slowly,  or  occupying  the  stiJl  lay- 
er, the  white  .^ipherical  cells  j  A>  A,  nucl(^ 
ated  epitlulium. 

4th.  The  veins  have  a  Bfructnre  in 
some  respects  different  from  tih^  veins: 
that  of  the  arteries.  Their  ihtirstnictore. 
clastic  coat  ia  by  no  means  so  much  de- 
veloped, and  their  muscularity  less  dis- 
tinct. With  the  exception  of  those  of 
the  lungs,  abdominal  viscera,  and  brain, 
their  interior  is  furnished  with  valves  of  single,  double,  or  triple  flaps,  in 
all  uiatances  opening  toward  the  heart.  The  blood  flows  cijuably  in 
them,  the  pulsating  action  of  the  ventriclca  having  disappeared  in  the 
capillaries.  Since  they  present  an  aggregate  capacity  two  or  three  times 
that  of  the  arteries,  the  motion  of  the  circulation  in  them  is  proportion- 
ally slower.  J'ii/'  ♦j-'J  i^  a  diagram  siiowing  the  manner  in  which  the 
valves  open  when  tlie  blood  flows  in  the  course  indicated  by  the  arrows. 

Fts-M. 


Valveji  111  vtuis  uiiuii. 


WhiM  cdf^itMlei  \u  tli«  tflUl  bjtr. 


VnLvcK  t<r  vcluji  pluii. 


J^i^*  66  shows  their  application  to  each  other,  or  to  tlie  sides  of  the  vein. 
and  the  conseqneiit  bulging  of  that  vessel  when  the  current,  as  indicated 
hy  the  arrows,  is  in  the  opposite  direction. 

llaving  now  described  the  structure  and  action  of  the  heart,  the  arte- 
ries, capillai-ies,  and  veins  rcspectiveU\  as  tar  as  ia  necessary,  it  remains 
to  group  those  actions  together,  and  present  the  theory  of  the  circulation 
at  one  view. 

But,  Ijefore  entering  on  this,  it  ia  proper  to  offer  an  ar-  Em>roi"thedoc- 

,  ,  ^    ,  \        .    ,       .  ,  ,,,    tniiM  l(iJ3l  the 

gument  agamst  the  doctnne  of  those  phystoiogiats  who  stui  tii^nt t  i«  iU  wk 
maintain  that  the  circulation  is  wholly  dependent  on  the  heai't,  ^uLise  or  the  ar- 
and  that  that  organ  is  entirely  competent  to  carry  it  on. 
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Tlic  tnajoritj  of  tlic  cireidations  wc  examine  in  organic  forma  are  »<>- 
complished  without  any  heart.  Plants  have  none ;  tishea  liave  no  sys- 
temic heart;  even  in  man,  at  the  first  period  of  embryonic  existence,  there 
ij  no  sucli  central  organ  ;  in  his  adalt  condition  the  portal  circulation  has 
none.  Tlit;  current  of  blood  in  the  capillaries,  seen  under  the  microscope,  " 
exhibita  no  jetting  movements,  but,  on  the  contrary,  s,  steadiness  of 
ilow,  sometimea  for  long  in  one  chsmnel,  then  a  cessation,  then  perhaps 
a  retrogradation,  and  then  a  new  path.  It  looks  as  though  the  blood 
was  flowing  spontaneous ly,  and  not  by  any  force  acting  behind.  The 
heart  of  an  animal  may  be  suddenly  cut  out,  and  yet  the  capillary  motion 
may  go  on  in  the  same  direction  as  before.  After  death  the  arterial 
tubea  are  most  conimonly  found  empty :  a  result  which  is  &  mechanical 
impossibility  on  the  supposition  that  the  heart  alone  tlrivcs  the  bloody 
but  which  ensues,  as  a  necessary  consetpicnce  if  the  capillaries  draw  it. 
In  acardiac  monsters  the  blood  circulates  without  difficulty^  and,  though 
it  was  at  one  time  supposed  lliat  in  these  twina  the  hearted  fcetus  drove 
the  blood  through  the  heartless  one,  this  is  now  demonstrated  not  to  be 
the  case.  The  ctrculatfoti,  moreover,  varies  locally,  and  at  spp;:ial  eiMcha, 
aa  in  the  devclopnipnt  of  the  generative  organs,  the  mammary  glands,  the 
flow  to  the  erectile  tissues.  Ubi  irritalio  ibi  fluxus  is  an  old  medical 
aphorism,  and  these  local  variations  arc  incompatible  with  the  ac^tion  of 
one  central  nuvarying  force.  In  cases  of  spotitancons  gangrene,  it  some- 
times  occurs  that  the  circulation  through  the  part  has  declined,  while  the 
eapillarteH  arc.  all  open,  as  subscfpieiit  examination  proves.  TEie  applica- 
tion of  cold  to  a  part  checks  the  circuktlon  through  it,  and  this  not 
through  aey  contraction  of  the  vessels  ;  go,  likewise,  docs  a  jet  of  carbon- 
ic acid  gas  directed  upon  then).  Moreover,  any  retardation  in  the  supply 
of  air  to  the  Innga  restrains  the  circulation,  and  this  not  alone  in  the 
pulmonary  vessels,  but  also  in  the  systemic  capillaries,  producing  an  in- 
creased pressure  in  the  arterial  tubes,  a  diminished  one  Bimuhancoiislv 
occurring  in  the  veins;  and  if,  in  the  various  cases  now  mentioned,  the 
propulsive  action  of  the  ventricles  can  not  be  relied  on  to  explain  the  dif- 
(iculties,  neither  can  any  supposed  suction  or  ejdiaiisting  action  of  the 
auricles.  When  a  ligature  is  tied  round  a  vein,,  the  action  of  the  aiiricle 
ie  cut  off,  but  the  vein  distends  beyond  the  obstruction,  showing  that 
there  is  a  force  acting  fi-om  the  capillaries.  Flexible  tubes,  such  as  are 
those  vessels,  would  at  once  collapse  under  the  exertion  of  a  veiy  moder- 
ate suction  power,  far  leas  in  intensity  than  would  be  necessary  to  draw 
The  blood  hi  the  veins. 

In  spasmodic  asthma,  and  in  all  pulmonajpy  congestions,  the  right  side 
of  the  heart  circulates  the  blood  with  difficulty  through  the  lungs,  show- 
ing the  exi.itence  of  a  great  obstruction  to  its  motion  through  the  pulmo- 
nary capillaries.     An  examination  of  t]ie  condition  of  the  various  por- 
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tions  of  the  circulatory  apparatus  after  death  presenta  facts  utterly  inex- 
plicable on  the  doctrine  of  the  sufBctency  of  the  heart*  I  have  already 
mentioned  the  empty  state  of  the  systemic  arteries  ;  to  this  may  be  add- 
ed what  is  otkn  witnessed — the  distended  condition  of  the  puhnonarj- 
artery,  into  which  tlie  blood  liaa  been  forced  liy  tlie  expiring  b^^a.ts  of  the 
right  ventricle,  but  has  been  unable  to  get  through  the  pulmonary  capil- 
laries because  of  the  cessation  of  respiration;  but  in  other  cases,  where 
respiration  has  come  to  an  end  more  tranquilly  or  slowly,  the  left  auricle 
is  fill!  of  bloodt  whicJi  must  have  been  driven  into  it  by  the  pulmonary 
capillaries.  In  sudden  death,  as  by  hanging"  and  drowning,  the  right 
heart  is  excessively  distended,  as  is  also  the  pulmonary  artpry. 

I  might  proceed  to  add  to  these  other  facts  exhibiting  local  variations 
of  the  supply  of  blood  in  the  periodidties  of  the  system*  There  is  a  cer- 
tain amount  sent  to  the  brain  dunng  the  day,  and  a  less  during  the  re- 
pose of  the  night ;  iu  the  muscular  system,  during  the  time  of  its  action, 
the  quantity  demanded  is  greater;  in  its  state  of  inactivity,  less.  A  con- 
stant and  iuvariiible  acting  machine,  such  as  is  the  lieart^  could  by  no 
possibility  adjust  these  variable  supplies.  But  the  cases  here  ofiereJ  arc 
more  than  enougli,  and  it  remains  to  be  added  that,  though  not  one  of 
them  can  be  explained  on  the  doctrine  of  the  sufficiency  of  the  heart, 
there  is  not  one  which  docs  liot  follow  as  a  neceasary  consequence  of  thi 
doctrine  now  to  be  presented. 

On  this  view,  the  circulation  is  conducted  in  the  following  manner  ■- 
The  left  ventricle  of  the  Jiciirt  impels  the  blood  into  all  the  t-  ,  .■  , 
aortic  branches,  any  backward  regurgitation  into  the  auricle  ihu  L-irouiaticn,L 
being  prevented  by  the  .shutting  of  the  mitral  valve ;  the  °  '  "  '*  ' 
force  employed  is  dec-ompojsed  into  two  portions,  one  part  exerting  an  in- 
stantaneous effect  on  the  blood  in  pr^?ssing  it  forward,  and  ceasing  in- 
fltantaueouslyt  and  thus  giving  origin  to  the  pulse  ^  the  second  distend- 
ing the  arterial  tuhcB,  but  not  l)eing  lost  thereby,  since  their  elasticity 
causes  them  to  contract,  and  the  semilmiar  valves  at  the  origin  of  the 
aorta  being  at  this  jwriod  shut,  a  steady,  onward  pressure  is  exerted  on 
the  blood;  so  the  quickly-ending  action  of  the  ventricle  gives  origin  to 
two  distinct  mechanical  results— a  sudden  impact  and  a  continuous  press- 
ure. This  suffices  to  bring  the  blood  to  the  arterial  origin  of  the  capil- 
laries, and  beyond  that  point  the  action  of  the  heart  may  be  considered 
not  to  extend. 

The  relation  between  the  interspaces  of  the  capillaries  and  tlie  blood 
thus  introduced  to  them  continues  the  current.  The  particular  mode  in 
which  this  relation  in  manifested  differs  in  difi'ercnt  pattiti.  The  oxidiz- 
ing arterial  blood  has  a  high  affinity  for  those  portions  that  have  become 
wasted:  it  effects  their  disintegration,  and  then  its  affinitj'  is  lost.  The 
various  tissues  require  repair;  they  have  an  affinity  for  one  or  other  of 
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the  conatitaents  of  tlie  blood ;  they  take  the  material  they  need  and  their 
a^iiiity  is  s^atisfied;  or  secreting  cells  originale  a  draiji  upon  ihc  blood, 
and  the  moBicnt  they  have  Tcnioved  from  it  the  substance  to  be  secreted, 
they  liave  no  longer  any  relation  with  it.  So  processes  of  oxidation,  and 
processes  of  nutrition,  and  ptoccsses  of  secretion,  ail  coni>pire  to  draw  the 
current  onward  from  the  arteries,  and  to  pasli  it  out  toward  the  veins; 
and  though  these  processes  may  present  themselves  in  many  various  as- 
pects, they  are  alJ  modi  float  ions  of  the  same  simple  physical  principle. 

The  blood  haa  now  reached  the  veins,  and  is  forced  onward  in  them  by 
the  power  that  has  thus  originated  in  the  capillaries.  The  influence  of 
the  iieart  is  here  unfclt,  the  exhausting  action  of  its  right  auricle  is  un- 
appreciahle,  and,  thus  pushed  onward  from  the  capillaries,  it  reaches  the 
heart,  completing  its  flyatemic  or  greater  circuEation.  This  circulation 
may  therefore  be  said  to  be  due  to  the  high  atfinity  which  arterial  blood 
has  for  the  tissuea,  venous  blood  liaving  none  ;  and  the  action  of  the  heart 
is  confined  to  the  tilling  of  the  arterial  tubes*  and  presenting  fresh  por- 
tions of  blood  to  the  capillaries. 

Arrived  at  the  right  auricle,  the  blood  flows  continuously  into  it  and 
the  right  ventricle  for  a  moment,  but  the  ventricle  holding  more  than  the 
auricle,  the  latter  eavity  is  fully  distended  flrrit.  At  th-at  instant  il  con- 
tracts, the  valves  in  the  veins  shutting,  and  the  blood,  driven  thus  forcibly 
into  the  ventricle,  di&tends  it  to  the  utmost.  Tlie  ventricle,  in  its  turn. 
now  contracts,  the  trieuspid  valve  ehutting,  and  the  blood  issues  forth 
through  the  p'.ilmoh;iry  artery,  its  vahcs  then  closing.  At  thi.^  moment 
an  event  occurs  which,  in  tiicsc  descriptions,  is  generally  overlooked — an 
action  analogous  to  that  of  the  hydraulic  ram.  On  the  shutting  of  the 
tricuspid,  the  whole  column  of  venous  blood  would  \ni  brought  to  a  stop 
if  the  tubes  containing  it  were  unyielding,  and  a  great  force  wouM  lie  gen- 
crated  from  this  stopping  of  its  momentum  ;  but  the  auricle  is  ready  to 
dilate,  and  into  its  cavity  the  blood,  which  would  be  othenvi^c  checked. 
flows.  I  consider  that  this  safety  action  of  the  auricle  is  one  of  itn  prime 
tunctions.  Tlie  rapidity  with  which  the  dilatations  and  contractions  are 
taking  plaee  furnish  no  argument  against  the  occurrence  of  this  action, 
I  have  a  hydraulic  ram,  the  jmlsations  of  which  may  be  so  adjusted  as 
to  exceed  greatly  in  frequency  those  of  the  heart,  and,  indecJ,  to  give  rise 
to  a  low  murmuring  sound,  and  yet,  under  these  circumstances,  the  lat- 
eral force  is  so  great  as  to  throw  a  column  of  water  more  than  forty  feet 
high.  If  it  were  not  for  the  dilatability  of  tlie  auricles  and  their  yield- 
ing texture,  the  veins  would  burst  on  the  shutting  of  the  tri<-uspid  valve. 

The  ramiticationa  of  the  pulmonary  artery  bring  the  blood  to  the  cap- 
illaries of  the  lungs,  but  beyond  that  the  influence  of  the  heart  is  not  feh, 
for  now  the  physical  principle  heretofore  described  comes  again  into  ac- 
tion.    The  venous  blood  has  a  high  affinity  for  the  oxygen  of  the  air,  an 
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affinity  which  la  satiBlied  as  eoon  as  the  blood  presents  itsell'  in  the  cells 
of  the  hings.  Arterialtzation  "being  accompUslied,  the  portions  to  he 
changed  exert  a  pressure  on  those  that  have  changed,  and  the  blood,  mov- 
ing forward  in  the  pulmonarj  veins,  reaches  the  left  auricle  of  the  heartr 

For  a  moment  it  passes  into  tlie  left  aurido  and  ventricle  continuously, 
but  the  auricle,  being  of  leas  capacity,  filla  Hrst.  It  contracts  as  soon 
ag  it  is  completely  full,  and  diives  ita  contents  into  the  left  ventricle,  dis- 
tending it  to  the  uttroat.  The  ventricle  now  contracts,  shutting  the  mi- 
tral valve,  and  the  ram-like  action  ifl  repeated  on  tlua  Bide  of  the  heart. 
But  the  blood  expelled  from  the  ventricle  in  urged  into  the  aorta,  its  force 
being  decomposed,  aa  before  deacribt^d,  one  part  acting  instantaneously 
as  an  impact  on  the  blood,  the  other  on  the  arterial  walls,  and  on  thr 
first  moment  of  the  recession  of  tlie  walls  of  the  ventricle  the  Remilu- 
nar  valves  of  the  aorta  shut,  and  this  act  completes  one  tour  of  the  cir- 
tidation  of  the  blood. 

In  this  description  I  have  naid  nothing  of  the  circulation  in  the  sub- 
stance of  the  heart  itself,  since  it  would  have  led  to  a  needless  compUca- 
tion.  It  should  be  remembered,  as  an  illustration  of  the  working  of  the 
physical  principle  here  dxplained^  that  the  motion  of  the  blood  is  contrary 
in  the  greater  and  less  circulations,  compared  together.  In  the  former, 
the  current  is  from  the  crimson  to  the  blue,  in  the  latter,  from  the  blue 
to  the  crimson  aide. 

The  action  of  the  heart  is  therefore  hmited  to  tlie  hiling  of  the  arterial 
tubes,  so  as  to  present  to  the  capillaries  a  constant  supply  of  q^^^^^  ^jj^jg. 
blood.  There  seems  to  be  but  little  euction  force  escrted  jncnt  of  ifae 
by  the  auricular  cavities  for  the  emptying  of  the  veins.  Tiie  '*"'*■ 
valvular  confitniction  of  these  vessels  economizes  every  pressure  that  the 
muscles  may  e.\ert  on  them  in  favor  of  the  circulation,  for  every  aucli 
pressure  must,  by  reason  of  the  valves,  force  the  blood  onward  to  the* 
heart.  This  is,  however,  only  an  incidental  result  of  the  same  character 
as  the  influence  wliich  the  motions  of  respiration  exert.  They  may  be 
properly  overlooked  in  a  general  statement  of  the  causes  of  the  circulation. 

By  regarding  the  affinity  between  the  blood  and  the  tipsuea  with  which 
it  is  in  contact  aa  the  great  primary  cause  of  the  circulation,  various  facts 
we  as&ign  a  reason  for  those  various  phenomena  which  can  Ruppi'ttinh'tiiis 
not  be  accounted  for  on  Harvey's  doctrine :  the  motions  in  ^^^  *"*  '*"' 
the  embryo ;  the  periodic  and  local  variation3 :  the  portal  circulation ; 
the  changes  in  the  current,  as  seen  under  the  microscope ;  the  movement 
in  the  capillaries  after  the  iieart  is  cut  out ;  the  empty  condition  of  the 
arteries  after  death ;  tlie  phenomena  of  acardiac  foetuses ;  local  inflara- 
niations  and  congestions ;  the  gangrene  of  parts  wliUe  their  capillaries 
are  pervious;  the  retardation  of  the  current  on  the  application  of  oold  or 
uf  carbonic  acid  gas;  the  results  of  asphyxia  and  death  by  drowning  or 
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hanging ;  the  changes  of  presaure  in  the  arteries  and  veins  respectively 
during  a  check  on  the  respiration  ;  the  via  a  tergo  of  the  veins  ;  the  effects 
of  a  ligature  on  those  vessels ;  the  action  of  irrespirable  gases  when 
breathed,  and  the  opposite  conditiona  when  oxygen  gas  or  protoxide  of 
nitrogen  are  used. 

Among  the  Btrikimg  proofs  of  the  truth  of  this  doctrine,  that  the  pri- 
mary cause  of  the  circulation  is  the  aeration  of  the  blood,,  I 
would  particularly  direct  attention  to  the  effects  which  en- 
sue in  the  moment  of  birtli  at  the  firat  breath.  That  intercommimicatian 
between  the  two  sides  of  the  heart,  established  tlirougli  the  forainen  ovale 
and  throngh  the  ductus  arteriosus,  ia  suddenly  put  an  end  to.  But  this 
is  not  through  any  change  in  the  mechanism  of  the  heart  itself,  nor  be- 
cause of  any  interruption  in  tlie  action  of  the  placenta.  It  is  solely  be- 
cause of  the  calling  into  operation  of  the  prmeiple  wc  have  been  here  en- 
forcing. Through  the  contact  of  the  cold  air,  or  other  causea  which  might 
be  assigned,  the  inspiratory  muscles  make  their  first  contraction  and  dis- 
tend the  lungs.  At  that  iiistantT  the  commencing  arterialization  produces 
a  pressure^  in  the  manner  I  have  explained,  of  the  venous  upon  the  now 
arteriali^ed  blood  in  tlic  vessels  of  the  pulmonary  cells.  Tlicrc  is  no 
other  possible  issue  to  such  an  action  than  an  instant  drain  upon  the 
heart.  The  pulnionaiy  or  less  circulation  sets  in  with  lull  vigor.  The 
blood  is  not  driven  by  the  heart  to  the  lungs,  but  drained  by  the  lungs 
from  the  heart.  II'  it  were  the  heart's  action  that  occasioned  this  sudden 
increase  of  force,  because  of  the  strain  thrown  upon  it  through  the  shut- 
ting off  of  the  influence  of  the  placenta,  it  is  inconceivable  why  the  cur- 
rent should  not  continue  to  move  through  the  grrat  avenues  already  open 
to  it  from  the  right  to  the  left  auricle  through  tJie  tbranien  o^'ale,  aiul 
from  the  right  ventricle  into  the  aorta  through  the  ductus  arteriosus. 
The  arrest  of  its  n;otion  through  these  channels  distinctly  estabUshes  that 
the  seat  of  the  new  action  ia  in  the  lungs,  and  the  final  closure  of  the 
foramen  and  shriveling  of  the  duct  confirm  the  correctneaa  of  this  con- 
clusion. 

Though  it  does  not  strictly  belong  to  the  subject  now  under  consid- 
eration, I  can  not  avoid  impressing  on  the  reader  the  suddenness  of  the 
effect  that  thus  ensues  on  the  taking  of  the  first  breath.  It  ia  a  crisis  in 
the  history  of  development*  C)f  these  changes  by  crisis  nnuch  more  will 
be  said  in  the  second  book,  and  their  important  bearings  on  the  theory 
of  pbysiolo^'  pointed  out.  It  is  enough  for  the  present  purpose  to  com- 
mend to  the  attention  of  those  naturalists  who  deny  that  physiological 
crises  ever  occtir,  the  facta  which  have  been  considered  in  the  preceding 
paragraph. 

A  doctrine  which  accounts  with  simplicity  for  such  a  long  list  of  mis- 
cellaneous facts  commends  itself  to  our  attention  at  once.     There  are, 
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however,  considerations  of  a  still  weightier  character,  which  must  compel 
us  to  adopt  it.  The  affinity  between  the  blood  and  the  parts  with  which 
it  as  brought  in  contact  is  a  chemical  fact  beyond  contradiction.  The 
pressures  and  motions  I  have  been  speaking  of  follow  as  the  inevitably 
consequences  of  that  affinity.  We  can  not,  therefore,  gainsay  their  es- 
istenee  in  tlie  living  mechanism,  and  the  only  doubt  wc  can  entertain  is 
as  to  whether  they  arc  of  competent  power  to  protlucc  all  the  effects  be- 
fore U.S.  But  after  what  has  been  already  sflid  respecting  the  energy  of 
endosraotic  movements  displayed  against  presaureB  of  many  atmospheres, 
we  may  abandon  those  doubts ;  and  sirice  we  liave  here  a  force  of  uni- 
versality enough,  and  intensity  enough,  and  in  every  in&tance  acting  in 
the  right  direction,  it  would  be  unphilosophical  to  look  farther,  since  such 
a  force  must,  under  these  conditionii,  exist  in  the  physical  Deccsaity  of 
the  case. 


CHAPTER  IX. 

OF    HESPIEATION. 


fUj^iratam  tntraiueeit  and  remoiies  aertai  S^stamvj'. —  Coakuxnce  of  Sespiratory  tmd  Urinary 
Orgaiu  in  Fithv^.—I^g/iir^l  and  riiemusal  (hiulitioas  itf  Rrsfiimlian. — fnfcrxdfKt/  AfvctmftUt 
of  SoUdSf  L-vjuidn,  aittt  (lasex. —  Cw'tiiifl  of  f^fjiiiiiiirnaa  ui  tfie  Jjiff'tigioa  oj' iiimen. — Voa- 
doMttg  Avtifl  of  Mft»hrane-t.~yoi^na  of  litsfnTfituri^  Mtehammti .— Th^  fjmifa  ^'  Jlfaa, — 
Tine  Stages  in  (fte  Introtlaiiion  vf  Ait:  Atmosphtfif  Pr^sxufr,  Diffimion  of  Gasf.i^  ntid 
CbfliimjiiTfion  htf  Mfmlfattesi. — I'Jjrrhaagr.  nf  Ctirbonir.  Ariiij'or  Ox^ffen„ — JJii'ijeions  iif'the  Cbn- 
lenU  iif  tfrif  Luuifs. —  V'ariatcann  in  ifie  expired  Air. — Hemovni  of  Water. — Effect  o/'  Wrenpirar 
hte  OftJtfs. — I^iperiinenlif  of  RsfnauH  and  liaset.' — Nervova  Infiuoiix  amamtd  m  Re^Araticm. 
— Rttuita  of  Ilfn/ni-ation, 

Since  it  is  essentially  necessa^  to  the  life  of  all  animals  that  the 
bl<K>d  should  pass  to  every  part  of  the  system,  provision  must  Objccuof 
he  made  for  securing  aeration.  The  breathing  apparatus  h  the  ™sp'"'t'on- 
skin,  or  some  extension,  reflection,  or  modification  of  it. 

Besides  the  great  duty  of  originating  the  circulation,  respiration  is  con- 
nected with  others  of  equal  importance.  The  functional  activity  of  the 
nervous  and  muscular  tissues  is  dependent  on  thpir  oxidation,  and  this 
implies  the  introduction  of  air.  In  each  tribe,  moreover,  it  ia  necessary 
to  keep  the  Tcm^iemture  tip  to  a  specific  point.  This  also  ia  accomplished 
by  oxidation,  either  of  the  disintegrating  material  which  is  passing  to 
waste,  or  of  combustible  substances,  such  as  sugar  or  fat. 

All  organic  material,  at  its  death,  eventually  givea  origin,  „.    .      , 
under  the  action  of  the  air,  to  two  jjroducts  with  which  the  oTimmi  mei«. 
ftmction  of  rei^piration  is  mainly  concerned.     These  products  """^  ^'^" 
are  carbonie  acid  and  water.     With  the  exception  of  gelatin,  the  other 
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respiratory  elementa  of  food- — fat,  siignr,  starch,  &c.,  yield  these  two  pro- 
ducta  alone.  The  nutritive  elements  give  rise  to  nitrogenized  compounds 
in  addition.  The  conditions  of  life  are  such  that  carbonic  acid  can  not 
be  permitted  to  accumulate  in  the  sjBtein,  and  means  have  therefore  to 
be  resorted  to  for  its  removal.  The  introduction  of  oxygen  and  excre- 
tion of  carbonic  acid  are  accomplished  by  the  aamc  mechanism,  the  lungs, 
the  action  of  which  is  dejKiident  on  a  physical  principle. 

Under  its  aimplcat  condition^  rcipiration  consists  in  the  passing  of  car- 
Iiespiratioa  is  bonic  acid  with  the  vapor  of  water  from  the  syatcm,  and  the 
lonncKied  with  reception  of  oxygcn  in  exchange.  The  construction  of  the 
ijoTOus  mituir  itpparatus  which  accomplishes  this  double  duty  in  atmoa- 
*™'J'-  pheric  animals  is  such  that  it  can  deal  with  suLstances  in 

the  aerial  state  alone.  Nothing  can  he  introduced  through  the  lungs  or 
escape  therctrom  except  it  be  in  the  gaseous  or  vaporous  fonn,  AH 
those  products  of  disorganiiiation  which  are  not  presented  under  this  con- 
dition must  therefore  be  removed  by  other  organs*  and  this  is  more  par- 
ticularly done  by  the  kidneys. 

But  in  aquatic  animals,  as  in  fishes  generally,  there  is  not  this  restric- 
CoBleBcence  oT  tion  Or  concentration  of  ftinction,  for  the  gill,  being  m  contact 
nndTrktarv"o?-  ^^'^^'^  water,  offers  a  channel  for  the  passing  away  of  many 
(•ana,  la  fishcji.  products  of  wastc  wliich,  fcom  their  non-aerial  atate,  conld 
never  escape  through  a  lung,  and  so  I  regard  tliis  organ,  the  gill,  as  in  a 
measure  sharing  the  duty  of  a  kidney  in  eliminating  nitrogemKcd  and 
jicrhapa  ealine  matters.  Comparative  anatomists  have  long  recognized 
that  the  so-called  kidney  in  fishes  a]>proachea  in  character  the  Wolffian 
bodies  largely  developed  in  t!ic  facial  condllion  of  man.  I  am  disposed 
to  believe  that  the  physical  interpretation  of  this  depends  on  the  fact  now 
before  us,  and  ihat  the  gill  in  tishcs,  and  the  placenta,  in  part,  in  mam- 
mals, discharge  at  once  the  double  office  of  a  rcspiratorv-  and  urinary  or- 
gan. It  is  consistent  with  the  scheme  of  organic  design  that  there  should 
be  this  separation  and  concentration  of  function  as  clpvelopment  takes 
place. 

These  considerations  wonltl  therefore  lead  us  to  cx|M!ct  that  we  should 
find  in  the  respiration  of  air-breathing  animals  that  function  in  its  purest 
and  least  complicated  form,  and  this  is  accordingly  the  case.  If  it  be 
merely  the  skin  that  is  reheel  on,  as  in  the  low  orders  of  aerial  life,  or  if 
the  mechanism  be  constnietcd  on  the  tyjH;  of  carrying  the  air  to  the 
blood,  as  in  insects,  or  that  of  carrying  the  blood  to  the  air,  as  in  man* 
the  operation  consists  essentially  in  the  escape  of  carbonic  acid  and 
steam,  and  the  reception  of  oxygen  in  rctorn. 

Respiration,  like  circulation,  furnishes  us  with  a  signal  instance  of 
the  employment  of  purely  physical  principles  for  the  accomplishment  of 
physiological  purposes.     It  is  with  the  pressure  of  the  atmosphere,  the 
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diiTusioii  of  caaea,  and  tlic  condenaino;  action  of  memliraiiefl,   ^.     ,    .     . 

,  .  ,      ,         rT-.i  ■  ■  1  r-hvBifji!  prin. 

mat  we  liavo  now  to  deal.      Ihcse  give  us  ao  precise  and  per-  cipits  Aloaerc- 
spiciious  an  CAplanation  of  the  act  of  breatliint!;  lliat  it  ia  ••""'^'',*o>n«"'' 

r  r  O  etrucUng  loo 

needJesB  to  look  beyond  them ;  yet  on  that  act  depend  the  rwpirniory  *n- 
highest  operations  of  life  In  this  [jarticulflt  the  Hcripturca  ^"'^" 
have  Bumtned  up  the  deductions  of  modem  phyeiology  in  &  single  line — 
no  metaphorical  exprcasion,  but  the  simple  assertion  of  a  truth :  He 
'*  breathed  into  hia  nostrils  the  breath  of  life,  and  maw  became  a  living 
soul." 

Of  the  physical  principlea  now  -to  be  dealt  with,  it  is  unneceasaiy  to 
say  any  thing  respecting  the  pressure  of  tiie  atmoaphere,  since  that  ia 
well  understood;  but  not  ao  with  the  phenomena  of  tticdifFiision  of  gas- 
es, and  tlie  condensing  action  of  membranes.  Though  these  arc  auhjects 
which  have  been  particidatly  examined  by  American  pliyalciana,  the  facts 
they  have  elicited  ai'o  Kttle  known  abroad.  For  cxainplo,  the  error  of 
Valentin'a  statement  respecting  the  diiFu&ion  exchanges  of  carbonic  acid 
and  oxygen,  and  the  useleasness  of  the  elaborate  discussions  which  have 
originated  ihetcfrom,  would  at  once  have  been  recognized,  bad  attention 
been  directed  to  the  facta  developed  here  almost  twenty  years  ago. 

Interstitial  motions  are  exhibited  by  solids,  liquidSj  and  gases.  I 
liave  had  occasion  to  examine  Roman  silver  coins,  from  the  rntersiitEal 
interior  of  which  the  copper  origindly  present  had  made  ita  ^ii^"3^*i"'^. 
way  out  to  the  eurface,  tbrming  the  greenish  incrustation  viit. 
known  as  patina  by  anti<piarian3,  the  silver  being  left  almost  pure.  In 
speaking  of  absorption  by  the  blood-vessels  in  Chapter  VL,  we  had  oc- 
casion to  dwell  upon  the  same  propensity  as  shown  by  liquids,  the  cn- 
do&mosis  of  Diitrochet  being  an  example  of  it.  The  ready  mobility  of 
this  group  of  Ik) dies,  arising  from  their  diminished  cohcaioiiT  greatly  pro- 
motes these  effects.  Mr.  Boyle  collected  a  number  of  cases  of  solid  move- 
ments in  Jus  tract  on  the  languid  motions  of  bodies. 

Gasc-t  and  vapors,  by  reason  of  their  total  want  of  cohesion,  present  the 
most  striking  examples  of  these  cflfects.  Their  propenaity  to  intermin- 
gle with  each  other  is  manifested,  even  though  they  be  obliged  to  pass 
through  crevices  or  winding  passages.  One  of  the  tirst  instances  to  which 
attention  waa  directed  occurred  under  the  observation  of  Dr.  PriestUy'aob- 
Priestley,  who  found,  on  passing  steam  tlirougli  an  earthen  "he  "Iidoomoec 
lube  placed  in  a  furnace,  that  air  would  be  delivered  at  the  of  gases. 
farther  end.  For  some  time  he  supposed  that  this  experiment  demon- 
strated the  conversion  of  water  into  air  by  a  great  heat,  but  cvcntually 
traced  It  to  its  proper  canac — the  escape  of  the  steam  outward  through 
the  pores  of  the  earthen  tube,  and  the  intrusion  in  the  opposite  direc- 
tion of  air  from  the  furnace.  This  singular  c.xpcriraent  may  be  well 
shown  by  attempting  to  pass  steam  flirough  a  red-hot  tobacco-pipe,  the 
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end  of  which  dips  beneath  some  water.     A  torrent  of  gas  bubbles  will 
escape. 

Mji  Dalton  demonstratetl  that  if  a  liglit  gas  be  placfd  above  a  heavy 
Dalion'sesper-  gas  ill  a  Suitable  apparatus,  the  former,  notwithstanding  its 
S'Son^'f"  levity,  will  descend,  and  the  latter,  notwithatanding  its 
gmsea.  weight,  Will  rise,  and  a  complete  and  uniform  intermixture 

will  result.     By  such  experiments  be  was  led  to  believe  that      ^'"-  "''■■ 
gaseg  act  as  vscua  to  one  another,  and  corret:tly  explained  the 
tuiiform  composition  of  the  atmosphere  on  this  property  of  dif- 
fiision,  or  tendenej'  cif  its  constituents  to  intermix. 

Thup,  if  a  vial  filled  with  hydrogen  be  placed  with  its 
moTitli  downward  over  the  month  of  a  vial  of  tlie  same  size 
containing  earbonic  acid  gas,  a3  shown  at  A,  c\  FIq.  G7,  in  the 
course  of  a  few  moments  the  diftusion  wdl  be  complete,  and 
if  the  mixtiu^  in  either  via.1  be  examined,  it  will  be  found  to 
contain  equal  quantities  of  the  gasea. 

Professor  Graliam  extended  Dr.  Priestley's  obHervations  on 
Orabsm'i  ex-  ^^^^  pasHagc  through  porous  barriers.  The  suV 
irtriTnifiiitaTsIth  stance  he  chiefly  employed  was  a  mass  of  dry 
*   ''™"  plaster  of  Paris.      Tliia  enabled  Hm  to  prove  that 

in  the  case  of  different  gases  difi'nsion  takes  place  at  different 
rate^i  which  are  dependent  on  the  density  of  the  gas.     Per- 
haps the  mostaatiBl'actorj'-TTiGthod  of  illustrating  this  claBs  of 
Diffusion  fcsults  is  by  taking  a  porous  earthenware  cup, 

ihrougiiporous  a  (7,  Fig.  08,  such  as  is  used  in  Grove's  voltaic 
battery,  drying  it  jxirfcetly,  and  cementing  into 
Ita  mouth  an  open  glass  tube,  b,  three  quarters  of  an  inch 
in  diameterj  and  a  foot  or  more  long.  A  widc-moutlied  bot- 
tle, c  (,',  being  placed  as  a  temporary  cover  over  the  porous 
cup,  it  may  he  filled  with  hydrogen  gaa  by  displacement ; 
and  if  the  end  of  the  glass  tube  be  put  into  water  contained 
in  a  reservoir,  d^  the  water  will  rush  up  the  moment  the 
bottle  is  removed,  WTien  this  motion  is  completed,  if  a  j.ar 
of  hydrogen  he  held  over  the  porona  cup,  the  water  will  be  ^i 
driven  down  with  great  rapidity,  and  a  number  of  air-bub- 
bles quickly  csca^ie.  The  extraordinary  speed  with  whi<:l! 
a  gaj9  will  flow  in  and  out  of  pores  could  not  be  better  dis- 
played. This  rapidity  of  motion  is  an  element  with  which 
the  physiologist  has  to  deal,  as  we  ahall  presently  find. 

Even  when  the  texture  of  the  substance  is  much  closer,  and  the  pores 
DitTuBinn      ofextrcmc  minuteneaSt  similar  results  can  be  obtained,  as  was 
ihrmgh  In-  ehown  in  the  experiments  of  Dr.  Mitchell,  of  Philadelphia,  who 
employed  thin  sheets  of  India-rubber.     If,  over  the  mouth  of 
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a  glass  bottle,  such  a  thin  tissue  be  lightly  tied,  and  the  bottle  placed 
in  an  atiBOspherc  of  carbonic  acid  gas,  nioveraent  at  once  takes  place,  a 
little  air  flowing  out  of  the  bottle  into  the  carbonic  acid»  and  so  large  a 

quantity  of  tlie  acid  passing  the  opposite  way 
that  the  India-rubber  soon  swells  outward, 
and  eventually  caps  the  bottle  like  a  dome,  as 
in  /Vj.  69,  at  A.  Or,  if  the  conditions  be  re- 
versed, the  bottle  being  filled  with  carbonic 
acid,  and  then  exposed  to  the  atmosphere^  the 
India-rubber  will  be  depressed,  as  at  a,,  and 
stretch  so  aa  almost  to  sink  to  the  bottom. 
Such  experimenla  tliercfore  prove  that*  even 
though  barriers  of  a  very  close  texture  should 
intervene,  gases  will  paes  through  them,  and 
with  80  much  force,  as  Dr.  Mitchell  showed,  that  many  inches  of  mercury 
may  be  Itfted,  nor  does  the  movement  cease  until  the  gases  on  both  aidca 
of  the  membrane  have  the  same  composition. 

Other  substances  having  a  clo3C  te'xturc  may  be  thus  readily  jK.'rmea- 
ted.      I  found  that  a  little  bladder  of  shellac,  blown  on  the  Experiments 
end  of  a  glass  tube,  permitted  the  passage  of  the  vapor  aris-  J!illl' 3'i !'"'*" 
^'P-  ^"-  ing  from  water  of  ammonia.      The  w-^f^ 

instantancousness  of  these  motions  is,  how- 
ever, most  Ijeautifiilly  illustrated  by  employ- 
ing aoap-bubblea,  the  liquid  nature  of  which 
excludes  the  idea  of  pores  in  the  strict  accepta- 
tion of  that  term.  If  a  bottle,  a  a,  J^ig.  70,  be 
rinsed  out  with  ammonia,  and  then,  by  means 
of  a  piece  of  glass  tube,  fi  A,  a  soap-bubble,  c, 
bo  blown  therein,  the  air  from  the  bubble  be- 
ing immediately  drawn  into  the  mouth  with- 
out a  moment's  delay,  the  strong  taste  of  the 
ammonia  is  perceived.  Or  if  a  rod,  dipped  in 
hydrocldoric  acid,,  be  presented  to  the  projeciing  end  of  the  glass  tube, 
copious  white  fumes  arise.  This  therfiJbre  ahoivs  that  vapors  will  pass 
through  barriers  haviiig  no  proper  pores,  the  ttaneit  taking  place  instan- 
taneously. 

Roap  films  enable  us  to  demonstrate  the  endostnosis  of  gases  in  a  very 
advantageous  manner,  owing  to  their  cohesiveness  and  thinness.  If  the 
finger  be  dipped  in  soap-water,  and  then  rapidly  passed  over  the  mouth 
of  an  empty  bottle,  so  as  to  leave  a  hori7:ontal  film  attached  across,  on 
exposing  the  bottle  to  carbonic  acid  gas,  the  horizontality  of  the  film  is 
immediately  disturbed,  and  it  soon  swells  up  into  an  almost  spheTical 
dome.     Or  if  the  bottle  be  filled  with  carbonic  acid,  and  then  exposed 
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to  the  air,  the  film  ia  promptly  depressed  into  a  deep  concavity^  and 
bursts.  By  these  methods  the  passage  of  nil  kinds  of  vapors  and  gases 
may  be  demon strated,  oxygen,  hydrogen,  carbonic  acid,  protoxide  of  ni- 
trogen, the  vapors  of  peppermint,  lavender,  and  various  essential  oils. 

By  many  experiments  on  such  different  substances,  I  found  that  the 
I  f  ...,  law  of  equilibrium  for  gnsea  and.  vapoi's  ia  the  same  as  for 
rium,  and  ex-  liquids.  No  matter  what  the  thickness  or  thinness  of  a  po- 
uEup  ea  H  J  .  ^^^^  barrier  may  be,  movement  takes  place  tlirough  it,  un- 
til the  media  on  its  opposite  sides  have  the  same  chemical  composition. 
The  observed  aclioHj  in  particular  cases,  will  therefore  altogether  depend 
on  the  circumstances  under  which  tlie  experiment  ig  made,  A  soap-bub- 
ble  full  of  carbonic  acid^  exposed  to  the  air  in.  a  closed  bottle,  collapses 
only  to  a  cc;rtain  extent,  wlien  the  percentage  conatitution  of  the  air  it 
contains  is  the  same  aa  tliat  of  the  air  in  the  bottle,  contaminated  with 
the  carbonic  acid  which  tlic  bubble  has  yielded  it*  But  if  the  bubWe  be 
exposed  to  the  free  atmosphere,  it  collapses  almost  completely,  for  now 
the  carbonic  acid  escapes  rinally  away. 

One  of  the  most  interesting  facts  connected  witli  these  results  is  the 
A  1"  lb  h  P^^*^'^'^  majmer  in  which  a  film  of  excessive  tenuity  will  dia- 
lUniB  gf  UK-  charge  these  iiiethanical  fiiiictiona.  With  a  little  care,  a 
trtffit  tefiu  \.    ^Y^^  ^^^^,  ^^  obtained  so  thin  as  to  be  invisible  except  in 

certain  lights,  when  it  presents  a  velvety  black  aspect.  In  this  condi- 
tion, as  Kewton  has  proved,  it  is  not  thicker  than  three  eigliths  of  a 
millionth  of  an  inch,  yet  cndosmosis  takes  j>lacc  perfectly  through  it :  it 
expands  and  collapses,  rises  up  into  a  dome,  or  is  depressed  into  a  con- 
cavity, as  the  circunistimces  of  its  exposure  may  Iw.  And  this  should 
prepare  us  to  admit  that  in  organic  tissues  of  the  utmost  degree  of  tenu- 
ity these  physical  phenomena  may  occur,  and  tluit  even  under  these  most 
unlikely  circumstances  such  tissues  may  give  origin  to  mechanical  forces 
of  the  greatest  intensity,  as  we  yliaU  now  prove, 

Graliam*a  law  of  tlie  ditfusion  of  gases  has  but  a  very  limited  phyaio- 
.  y. ,  ....  logical  application.  The  introduction  of  it  in  e4ifies  to  wliich 
i^rCJrahftin'*  "  it  does  not  properly  apply  hua  led  to  scverd  errors.  There 
*'^"  is  nothing  common  in  the  result  of  tlie  movement  of  gages 

exposed  freely  to  one  another,  and  exposed  with  the  intervention  of  a 
close-pored  tissue.  The  tissue  itwelf  gives  origin  to  mechanical  force  of 
such  intensity  aa  not  only  to  modify  the  diffusion  rate^  but,  in  a  great 
many  of  the  most  important  cases,  ab.«olutcly  to  invert  llie  direction  of 
the  motion.  Thus,  through  a  stucco  plug,  in  which  the  pores  are  of 
sensible  fltze^  atmospheric  air  passes  more  rapidly  to  carbonic  acid  than 
earbonic  acid  does  to  it,  but  through  tlie  thinnest  lilm  of  water  just  the 
reverse  takes  place.  A  bubble  full  of  that  acid,  exposed  to  llic  air,  lets 
it  escape  with  so  much  rapidity  that  in  a  few  moments  a  complete  col- 
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lapse  has  occurred.     If  llie  law  of  diJfusioti  liere  held  good,  the  bubble 
should  ropidly  diBtcml. 

Moist  membranes  and  films  of  water,  hy  reason  uf  their  chemical  affin- 
ity for  gaseous  substances,  atid  tlieir  consequent  condensing  CotKienaiDBnoi- 
action,  become  the  origin  of  great  mechanical  power.     Under  tion  of  mcm- 
such  conditions,  I  have  seen  carbonic  acid  pass  into  atmos- 
plieric  air,  driven,  as  it  were,  by  the  action  of  the  membrane  against  a 
pressure  of  ten  atmospheres,  and  sulphurctcd  hydrogen  against  a  pres- 
sure of  twenty-five  atmospheres,  and,  even  against  these  great  reaiatances, 
the  pstisage  is  accomplished  with  so  much  promptness  asi  to  lead  to  the 
inference  that  a  membrane  will  cause  one  gas  to  diffuse  into  another,  even 
though  the  apparent  resistance  be  indefinitely  great. 
Fig.  71.  In  J^i{/.  71  is  given  a  representation  of  liic  arrangement  by 

whicli  these  results  were  obtained.  It  consists  of  a  ationg 
glass  tube,  seven  inches  or  more  in  length  and  half  an  inch  in 
diameter,  hermetically  closed  at  one  end,  thruugli  which  a  pair 
of  platina  wires,  ^,  *;,  pass  into  the  interior  of  the  tube  parallel 
but  not  touching.  The  other  end,  a  a,  has  a  lip  or  rim  turned 
on  it.  Between  the  platina  wires,  a  gaugtvtube,  f/,  is  dropped, 
to  show  the  amoiuit  of  condensation.  On  the  top  of  the  gauge- 
tube  a  small  test-tube,/",  is  placed,  to  contain  a  reagent  suited 
to  the  gas  under  trial,  aa  lime-water  for  carbonic  acid,  acetate 
of  lead  for  sulphuretcd  hydrogen,  litmus-water  tor  sulphurous 
acid,  [^metiniea,  in-^tcad  of  this  te.st-tubc,  a  jiiece  of  paper, 
soaked  in  the  proixr  reagent,  was  employed.  The  Mpa..uf^  ^nho 
large  tube  was  then  filled  with  water  to  llie  lieiglit  ^'t^  ■wf  iti"*- 
e  e.  Its  lip  or  rim,  a  a,  being  next  smeared  witli 
burnt  India-rubber,  1o  insure  absolute  freedom  from  leakage, 
a  thin  sheet  of  India-rubber  was  tied  tiglitly  over  it,  and  over 
touiiiirBo.  this  again,  to  give  strength,  a  very  stout  piece  of  silk.  Kvery 
thing  being  thus  arranged,  t!ic  jii'ojecting  wires,  i,  c,  were  connected  with 
a  voltaic  pile,  decomposition  of  the  water  ensued,  oxygen  an<I  hydrogen 
being  disengaged,  and  a  condensed  mixture  of  atmospheric  air  and  those 
gases  accumulated  in  the  space  a  a  e  e,  the  gaiige-tuijc  showing  the  ex- 
tent to  which  the  condensation  jiad  gone.  Now  it'  the  Kutlc  tube,^/,  had 
been  filled  previously  witli  lime-water,  and  the  whole  arrangement  was 
introduced  into  a  jar  of  carbonic  acid  gaa,  the  upper  part  of  the  Hme- 
water  presently  became  rajlkv,  and  afler  a  time  a  copious  precipitate  of 
carbonate  of  Hme  subBided.  This  would  readily  take  place  wlicn  the 
gauge  was  indicating  a  pressure  of  ten  atmospheres.  In  Kkc  manner, 
when  a  piece  of  paper  imbued  i^-ith  carbonate  of  lead  had  been  introduced 
into  the  tube,  and  a  pressure  of  24|  atniospherea  accumulated,  on  intro- 
lucing  the  instrument  into  a  vessel  of  sulphurctcd  hydrogen,  the  paper 
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quickly  became  brown.  So  eulphureted  hydrogen  can  paas  through  a 
sheet  of  India-rubber  and  diffuse  into  an  atinaspherc  of  oxygen,  hydro- 
gen, and  atmosplieric  air  beyond,  though  it  is  resiflted  by  a  pressure  e^ual 
to  that  of  800  fwt  of  water. 

The  method  of  condensation  here  employed,  because  of  it&  freedom  from 
mechanical  concussions,  enabled  me  to  continue  these  rcaearcliea  up  to 
preasures  of  50  atmospheres  without  leakage,  in  comparatively  slender 
tubes,  and  even  under  these  circumstauces  gaseous  difiusion  aeemed  to 
take  place  without  any  restraint. 

It  would  lead  nie  too  far  from  my  present  object  to  pursue  the  con- 
-       , ,         sideration  of  these  facts^  and  I  muat  therefore  be  content  to 

Genera!  f■^?^s 

cothectedwiLili  refer  tiic  reader  to  the  memoirs  in  which  they  have  been  spe^ 
(iiffuwoii.  cialiy  discussed**  It  is  sufficient  to  understand,  1st.  Tliat 
gases  simply  exposed  to  each  other  inlcr-diffuse  with  great  rapidity,  and 
at  a  rate  inversely  proportioned  to  the  square  root  of  their  densities ;  2d. 
That  tlie  same  takes  place  through  stucco  phigs,  or  diaphragm  with  open 
pores  ;  3d.  That  a  gas  dissolved  in  a  liquid,  or  held  in  a  condens^ed  state 
by  a  solid  mass,  will  exchange  by  inter-diffusion  with  any  atmosphere 
to  which  it  may  be  exposed,  in  these  cashes  the  liquid  or  the  solid  mass 
becoming  a  source  of  force  t  4th.  That  through  a  liquid,  wliich,  of  course, 
has  no  pores,  gases  arranged  on  its  opposite  sidca  will  diffuse,  but  their 
rate  is  no  longer  expressed  by  Graham's  law;  5th.  That  a  liquid  hold- 
ing a  gas  in  solution  pennits  it  to  diffuse  with  another  gas  held  by  an- 
other liquid  in  solution. 

On  the  lirst  of  these  principles,  the  fresh  air  of  the  bronchial  tubes  ex- 
changes with  the  respired  air  of  the  pulmonary  cells,  the  case  being  that 
of  a  gas  exposed  to  a.  gas.  On  the  tliird  of  these  principle.-^,  arterializa- 
tion  of  the  blood  takes  jdace,  the  case  being  tliat  of  a  dissolved  gas  ex- 
changing Vk"itli  a  free  gas ;  and  on  the  lifth  of  these  principles,,  aquatic  or 
gill  respiration  depends,  the  case  being  that  of  a  di.'iisolved  gas  exchang- 
ing with  another  dissolved  gas. 

Under  its  simplest  asj>e.ct,  the  act  of  breathing  consists  in  the  climina- 
_  .  ,  tion  of  carlxvnic  acid  from  the  system,  and  tlie  introduction 
of  n-stviratury  of  oxygcn.  Thc  mauncr  in  which  the  respiratory  surface 
mKbanwm.  ^^^^^  itself  froTO  tlic  former,  and  secures  new  supplies  of  thc 
latter,  differs  very  greatly.  In  the  lower  orders  which  Iciid  an  aquatic 
life,  currents  are  established  in  the  water  by  the  md  of  ciliary  motion^  and 
by  these  the  ripcessarv  changes  are  made.  In  others,  in  which  respira- 
tion is  conducted  by  the  skin,  incessant  locomotion  is  relied  oji;  and 
again,  in  others,  thc  water  is  drawn  into  the  stomach  and  intestinal  canal, 
and  every  part  bathed  with  the  aerating  medium. 

In  insects^  thc  type  of  carrying  air  to  the  blood  is  developed  to  the  ut- 
•  Amcncan  Jounml  of  Medical  Bcience^,  Mbj,  1838. 
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moat  degree,  there  being  great  numberB  of  tracheal  tubes  pervading  all 
the  BOft  parts.  These  occaaionaJly  present  dilatations,  acting  as  reser- 
voirs—tlie  foreshadowing  of  the  respiratory  cavities  of  the  liigJier  tribes. 
Of  audi, -^*'y.  72,  repretjenting  the  air-isacs  or  tracheal  dilatations  of  the 


All-»C«  of  InaeetM. 

BplrMFlB  of  insect 

acolia  Jiortorum,  is  an  illustration.  The  tracheal  tubes  Rf^sniratioji  nf 
commanicate  with  the  external  air  through  openinga  which  ^nsct-i. 
maybe  obBtructed  by  a  valvular  arrangement,  as  represented  mJ^'/^.  73. 
The  photograph  from  whin-li  tliia  rigure  vvaw  taken  slmw.^  such  a  epimcle 
magnified  75  dianietera.  Thcie  organs  may  be  .seen  arranged  in  rows 
On  each  side  of  the  body ;  thust  in  the  common  caterpillar,  there  arc  ten 
pairs.  The  mode  of  guarding  t]ic  oriticc  varici  in  difterent  cases,  some- 
times tut'ts  of  hair  being  resorted  to,  and  somotinica,  as  in  the  figure, 
valves. 

The  true  lung  is  first  recognized  in  tlie  swimrtsmg  bladder  of  fishes  as 
a  simple  aac.     In  the  carp,  the  tendency  to  a  mult i -chambered  construc- 
tion already  appears  under  the  form  of  two  sueh  bladders,  a,  by  comtnuni- 
'■'■si*'  eatinc  with  eaeli  oth- 

rr  J.  cl 

^^-^        .  1^—   C""'^^ifc^  ^^  through    a   narrow 

iDL^        ,  ..^r  mm'^  IIP    ^"'^\  '!y^^™"- 

1^^^^Mm^^MhHH|P^^^^^H^^^^  the  tesoph- 

^J^^^^^^^"""""^^^  agus,  o,  by  means  of 

^^H^^^  the  pi]»c  c  d,  the  fish 

^"■■'**^  "'■■"■  being  thus  enabled  to 

remove  at  pleasure  a  part  of  the  air  contained  in  the  saca  by  muscular 
compression.  Though  tliis  mechanism  is,  as  we  have  said,  a  rudiment- 
ary lung,  it  does  not  properly  subserve  the  duty  of  sucli  an  organ,  but  is 
employed  for  producing  variations  in  the  specific  gravity  of  the  animal 
by  compreasion  or  raretaction  of  the  included  air.  In  these  Rpspiratioii  of 
tribes  the  gills  are  the  mechamam  for  aeration,  which  is  ac-  fi*'>«a. 
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pompiishecl  in  tbe  iallowing  manner:  The  mouth  is  periodically  filled 
witli  water,  which  is  driven  past  the  gills  Ly  muscular  compression,  an<3 
thereby  the  carbonic  acid  is  removed  from  the  blood  which  circulates  ii] 
those  organs,  and  oxygen  is  obtained  in  return.  For  this  reason,  a  fisli 
dies  very  quickly  when  its  mouth  is  kept  open.  The  juiglcr  knows  that 
it  ia  not  owing  to  any  loss  of  blood,  nor  to  any  injurious  lesion  that  the 
hook  may  cause,  hut  simply  to  suffocation,  the  water  no  longer  lifting  the 
gill  covers,  hut  merely  passing  out  through  tlie  open  mouthn 

The  espc^riments  of  Humboldt  and  Provencal  clearly  demonstrate  the 
analogy  hctwccn  aquatic  and  aerial  respirations ;  for  water  is  not  de- 
composed by  the  breathing  of  fishes:  it  is  the  air  dissolved  in  it  that  is 
Uded.  In  the  sample  examined  by  these  chemists,  there  was  20.3  per 
pent,  of  its  volume  of  air,  consisting  of  oxygen  2^.8,  nitrogen  6G.2,  and 
carbonic  acid  4.0,  in  the  hundred  parts.  After  the  lialics  had  remained 
in  it  for  a  due  time,  it  still  contained  17.6  per  cent,  of  its  volume  of  air, 
but  this  in  100  parts  now  consisted  of  oxygen  2.3,  nitrogen  G3.9,  and 
carbonic  aeid  33.8.  There  liad  therefore  been  a  consumption  of  oxygen 
and  evolution  of  carbonic  acid,  together  with  a  slight  removal  of  nitrogen, 
this  being  the  general  result  wituessod  in  aerial  resjiiration.  In  a  sim- 
ilar course  of  experiments  on  the  breathing  of  gold  Hshcs, 
made  by  myself,  tiie  result  coiresponds  to  the  preceding 
statement,  only  tlie  water  I  used  was  richer  in  oxygen  gas, 
and  tlie  transposition  into  carbonic  acid  did  not  seem  by 
any  means  to  he  so  complete.  I  also  remarked  the  aarac 
diminution  in  the  quantity  of  nitrogen,  but  am  disposed  to 
attribute  it  not  so  much  to  the  con.'fumption  of  that  gas  by 
the  fishes  as  to  its  difllision  from  ihc  water  into  the  atmo- 
sphere, the  solvent  power  liaving  clianged  by  the  substitu- 
tion of  carbonic  acid  for  oxygen. 

In  reptiles  tlie  lung  presents  the  sac-like  forra,  as  in  Fi'j. 
ReiipiraUon  of  75,  a  piilmouary  arteiy  passing  on  one  side, 
reputes,  g^j^j  j^  pulmonary  vein  returning  on  the  other: 

a  is  the  trachea;  &,  its  bifiircation;  o,  puhnonary  artery: 
d^  d,  pulmonary  vein.  It  often  occurs  th^t  the  two  lungs 
are  not  equally  developed,  onp  of  them,  B,  Ijein;:;  rudiment- 
aiy  as  conjparcd  with  the  other,  A.  Info  sucJi  a  sac  in  ser- 
pents the  air  ig  forced  by  muscular  contraction,  a  kind  of 
swallowing.  It  is  expelled  from  them  by  the  contraction 
of  tlie  abdominal  muscles,  and  hence  the  hissing  sound 
which  it  emits  during  its  expulsion.  From  the  simple  siic 
to  the  cellular  lung  the  advance  is  made  by  degrees,  a  de- 
velopment of  parietal  cells  upon  the  inner  suriace  taking 
place     At  the  intermediate  Btage^  between  the  simple  sac    Luug »!  rcptut 
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and  the  higlily  siibdivided  reaptratory  orgmi  of  the  mammalg^  the  condi- 
tion of  things  is  well  illustrated  by  the  lunga 
of  the  frog.  In  I'^'ig.  7li,  a  is  the  hyoid  appa- 
j-afua;  h^  cartilagmouB  ring  ut  the  root  of  the 
lunga  5  Cy  the  pulnionar)'  vessels  ;  and  tf,  d^  the 
pulmonary  saca. 

Of  all  tribesT  the  rcspinilory  mechanism  is 
most  higlily  developed  in  birds,  it^spintion  ot 
wliith,  besides  Leing  provided  witEi  ^"■^■ 
lunga,  have  air-saca  between  t]ie  muscles,  and 
respiratory  membranea  spread  on  the  interior 
of  the  hollow  bones.  It  ia  in  consequence  of 
this  that  a  bird  is  killed  so  readily,  even  by  a 
i.iiBBio(  (iMfr  very  small  sliot,  since  it  is  scarcely  possible  to 

make  a  perforation  into  any  part  of  the  body  without  opening  the  respi- 
ratory cavity. 

In  man,  the  broncliial  tube,  as  it  pasaca  into  each  lung,  branches  forth 
like  a  tree,  the  walls  of  the  tubcleta  thus  arising  having  car- 
tilaginous rings  to  preserve  their  form  under  compression, 
circular  organic  muscular  fibres  to  enable  them  to  contract,  and  longitu- 
gitudinal  fascea  of  elastic  tLxsiic  to  shorten  them  after  extciiJiion.  lu 
their  interior  they  arc  covered  with  mucous  membrane  provided  witli 
dlia;.  When  the  proper  dogree  of  niijuiteiiess.,  about  -^  of  an  inch,  ia 
reached,  they  consist  alone  of  claslii:  membraner  iii*ors])CTRi.d  with  muis- 
cnlar  fibres,  and  ujjon  their  aides  the  air-cells  open;  sonielimea  single 
ones,  or  sometimes  many  cells  eoniniunicnting  with  one  anotlicr,  diRchargtj 
through  the  same  orifice,  the  lubelet  itself  ending  in  a  cell.  The  air- 
cells  liavc  various  dimensions,  from  -jL  to  xjVlT  "^^  "^^  ''^'^'''  Tlieir  struc- 
ture  is  like  that  of  the  tubelet.  The  pulmonary  capEllaries  are  spread 
so  closely  upon  them  that  the  spaces  between  them  arc  less  than  their 
own  diameters,  which,  on  an  avcmge,  are  -g^jVir  ^^  "^  \nQ\\.  Aft  the  cells 
are  close  togetlier,  the  blood-vessels  passing  between  them  are  brought 
in  communication  with  the  air  on  both  aides,  and  artcrialization  ia  thus 
rapidly  and  completely  pertbmied.  Each  tubelet,  with  the  air-ccUa  thus 
tdustered  upon  it,  is  a  miniature  representation  of  the  hing  of  a  reptile. 
These  cells  themselves  communicate  by  lateral  apertures  with  one  an- 
other. The  membrane  which  lines  their  interior  is.  sharply  folded  at  the 
apertures,  and  there  arc  reasons  for  supposing  that  it  contains  organic 
muscular  fibres.  It  ia  stated  that  each  terminal  bronchua  baa  nearly 
20,000  air-cells  clustered  upon  it,  and  that  the  total  number  is  600 
millions. 

Tlie  mode  of  distribution  of  the  air-tubes  is  represented  in  ^ig.  77. 
a  19  the  larynx ;  b  b,  the  tracheal  *1ie  upper  letter  corresponding  to  the 
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cricoid  cartilage ;  i^^  tlie  left  bronchus ;  d,  the  right  bronchus ;  e,/,  g^  its 
ramifications  in  tlie  right  \mh%,JJ ;  A,  i,  ramifications  of  the  left  bron- 
chos in  the  left  lung,  k  k. 


F:g.  TT. 
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F^ig.  78,  arrangement  of  tlie  heart  and  hmgs,  the  latter  in  part  section. 
1^  left  aiu-iclp  of  the  heart;  2,  ri|2;]it  aiu-icle;  3,  left  ventricle;  4,  right 
ventricle;  5,  pulmonary  artery  ;  6,  aorta;  7,  superior  vena  cava  ;  8,  in- 
nominata;  9,  left  primitive  carotid;  10,  left  aulichwian, ;  H,  Vl^  upjwr 
rings  of  trachea  and  cartilages  of  the  larynx;  13,  upper  lobe  of  right 
lung;  14,  upper  lolc  of  left  lung;  15,  right  pulmonary  artery;  16,16, 
lower  lobes  of  lungs. 

^1(1.  79  illustrates  the  manner  of 
distribution  of  blood-vessela  on  the 
air-cellfl  of  the  lung3. 

As  the  blood  to  be  arterialized 
passes  tlirough  the  pulmonary  capiU 
larie.i,  its  discs  can  only  move  in  sin- 
fjle  hies*,  and  even  then  probably  un- 
dergo a  compression  which  fhanges 
their  form.  As  soon,  however,  asj 
tliey  escape  into  the  larger  vessels, 
their  <'Iaaticity  cnablea  tlicra  to  recov- 
nutribuiu^ «f  c*i„,ii^ri.-. .,.  .ir.vii. .>f  tw  i«r>B«.  ^.^  ^y^^  Original  sliape. 

By  the  aid  of  this  elaborately  conatnicted  mcchanium  the  air  is  brought 

ThrcestacGain  *^  *^'^  blood.     Thcre  UTC  three  distinct  stages  through  which 

ihe  intrtKluc-      it  has  to  pass.      The  first  is  the  filling  of  tlic  trachea  and 

Xoxgax  ramifications  of  I  he  broiicliial  tubes:  this  is  aceom- 

plii^hed  by  atmospheric  pressure,  brought  into  play  by  muscular  contrac- 
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tion.  The  second  stage  ia  the  Iranslatloti  of  the  fresh  air  from  the  laj^r 
bronchial  tubes  to  tlie  ultimate  air-cella :  tliia  is  accomplished  on  the 
princiijle  oi' gaacuus  difl'uaion.  The  third  stage  is  the  paasage  from  the 
air-cells  into  the  Llood :  tliis  is  througli  the  wall  of  the  cell,  the  wall  of 
the  blood-vessel,  and  the  sac  of  the  hlood  disc;  it  involves  passQgt 
through  meinbrnnes,  and  implies  their  condensing  action.  Each  of  theet? 
three  i?taj2;es  wc  have  no%v  to  consider. 

l3t.  The  inlTodnction  of  fresh  air  into  the  trachea  and  larger  ramifi- 
cations of  the  brouL'hial  tubes  is  accomplished  by  muscular  _  ft-  ,  f,i 
contraction,  whieh  calb  into  operation  atmospheric  pres3iiie.  pressure  of  the 
In  tranquil  respiration  the  diaphragm  is  nearly  sufficient  for  "'^' 
this  purpose.  This  muscle  forming  the  convex  floor  of  the  chest,  as  soon 
aa  it  oontracta,  assumes  more  nearly  a  plane  figure,  thereby  increasing 
the  content  of  that  OAvity ;  and,  just  as  ia  a  common  bellows,  when  the 
lower  board  is  depressed,  the  air  flows  in  through  the  pii>c,  ho»  on  the  de- 
aceut  of  the  diaphragm,  the  air  flows  in  through,  the  trachea,  forced  by 
the  external  pressure. 

An  experimental  illustration  of  the  manner  in 
which  the  air  is  introduced  into  the  cavity  of  the 
Iniiga  by  the  descent  of  the  floor  of  the  chest, 
and  then  expelled  by  its  elevalJorit  is  represented 
in  I'ig,  8(1,  in  wliirh  tr  «  is  a  tube  of  glass  half 
an  inch  or  wore  in  diameter,  and  six  or  eight 
inches  long,  to  the  lower  end  of  which  a  blad- 
der, by  is  tightly  attached.  The  tube  is  passed 
t[u"Ough  tlie  neck  of  a  bell-jar,  c  t\  air  tight,  A 
large  glass  reservoir  of  water,  filled  to  the  Iieighl 
d  d,  receives  the  bell-jar,  as  shown  in  llie  figure. 
When  the  jar  is  depressed  in  the  water  the  air 
is  expelled  from  the  bladder,  and  wlicn  the  jar 
is  raised  the  air  flows  in.  By  alternately  ele- 
vating and  dq>res»ing  the  bell,  the  bladder  exe- 
cutes raovcnicnta  like  those  of  the  lungs,  of  which. 
indeed,  it  is  a  representation;  the  ^la.ss  tube  be- 
ing the  tracbea.  tlie  l>cll-jar  the  walls  of  the  cheat, 
and  the  rising  and  Jailing  water-level  the  rising 
In  thia  illustration  the  bladder  is,  of  course*  per^ 
foctly  passive,  aa  was  at  one  time  supposed  to  be  the  rase  with  the  lungs : 
an  erroneous  opinion,  which  will  presently  be  corrected. 

In  the  mature  period  of  life,  and  especially  in  deep  respiration,  the  ac- 
tion of  the  diftphragm  is  insufficient  for  the  introduction  of  air,  ji,n„^,r  of  in. 
and  a  still  farther  volume  is  obtained  by  raising  the  ribs,  which  uodudnE  iko 
increases  the  dimensions  of  the  ehe,-*!  from  right  to  left,  ami 
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also  from  front  to  back.  In  men,  tliis  eiFect  takes  place  more  particular- 
ly through  tiie  uiovementa  of  the  lower  ribs,  and  tliis  Ibrm  of"  respiration 
ifl  therefore  sometimes  called  the  inferior-costal ;  but  in  women  the  upper 
ribs  arc  more  movabbi  tlie  dilatation  of  the  cliest  is  there  greater,  and 
the  I'espiration  therefore  designatGcl  as  the  superior-costal.  In  these 
movements  of  the  riba,  and  especially  in  violent  respiration,  many  mtu- 
clea  are  involved. 

In  the  reverse  act,  that  ia,  in  expiration,  or  the  expulsion  of  air  through 
the  trachea,  the  floor  of  the  chest  is  raised.  The  diaphragm,  wlien  it 
contracted,  made  pressure  upon  the  viscera  of  the  abdomen,  and  forced 
the  muscular  walls  of  that  cavity  outward  ;  hut,  as  soon  as  the  diaphragmi 
relaxes^  tlie  abdominal  muscles  contract,  and  thus  an  antagonizing  force 
ia  originated  which  tends  to  expel  the  air.  In  this  the  elasticity  of  the 
lungs  and  of  the  walls  of  the  thorax  itself  affords  a  great  assistance. 
Owing  to  this  elasticity,  the  musailar  exertion  required  for  the  introduc- 
tion of  the  air  greatly  exceeds  that  required  for  its  expulsion. 

In  tranquil  resijiration,  we  may  regard  the  changing  of  the  air  to  be 
accomplished  by  the  alternate  depression  and  elevation  of  the  diaphrag- 
matic floor  of  the  chest.  On  an  average,  this  takes  place  17  times  in  a 
minute,  and  in  an  adult  of  the  standard  size  wc  may  assume  that  17 
cubic  inches  of  air  are  introduced  at  each  inspiration.  Every  fifth  breath 
IB  usually  deeper  than  the  preceding  four.  The  statement  often  made, 
chat  five  pulsations  corre.<)poDd  to  one  respiration,  must  be  received  with 
a  certain  restriction.  In  pneumonia,  the  respirations  may  be  to  the  pul- 
sations as  1  to  2  1  in  typhoid  fevers,  as  1  to  8  i  and  even  in  a  &tate  of 
health  there  may  be  considerable  variations. 

By  mu&cidar  movements,  which  thug  call  into  action  atmospheric  prra- 
sure,  the  air  ia  drawn,  but  not  forced,  into  the  respiratory  apparatus. 
Considering,  however,  the  solid  contents  of  the  lungs,  which  can  not  be 
taken  at  less  than  200  cubic  inches,  it  is  clear  that  the  amount  is  not 
more  than  Bulfieient  to  fill  the  naiual  passages,  the  trachea,  and  the  larger 
ramifications  of  the  bronchial  tubes.  Lying  nearest  to  the  outlet,  it 
would  be  the  first  to  be  expelled  by  the  act  of  expiration.  There  could 
be  no  exchange  of  the  freah  tor  the  tbul  air,  unless  some  additional  means 
were  e-mpkyed  for  accomplishing  its  transference  from  the  larger  ramifi- 
cations of  the  bronchial  tubes  to  the  remotest  air-cella. 

2d.  The  transference  of  firesh  air  to  the  cells  is  accomplished  by  re- 
norting  to  two  different  principles,  the  diffusion  of  free  gases  into  one  an- 
ocher,  and  inusculsr  contraelion. 

An  estimate  of  the  relative  eliare  which  each  of  these  takes  ia  arrived 
Eifict  of  g4M-  at  by  an  examination  of  the  absolute  velocity  with  which 
ul!o'I!rc!Mnic  S*^*^  diffuse  into  one  another-  The  statement  that  gases 
tomuAe  fibres,    flct  BS  vftcua  to  eacli  othcr  has  led  to  some  very  erroneous 
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conclusiona.  It  haa  been  taken  for  granted  that  the  actual  difTusion  is 
very  rapid,  perhaps  approachinp  to  the  velocity  with  which  gagci?  rush 
into  a  void.  But  I  have  shown*  that  this  is  altogether  a  misconception, 
and  that  the  transit  of  fresh  air  from  the  bronchi,  exchanging  with  fou) 
air  from  the  cells,  if  conducted  on  that  principle  alone^  would  require  a 
period  greatly  beyond  the  time  occupied  for  one  respiratory  act,  which  is 
about  tliree  secondi^  and  a  half. 

To  an  additional  agent  we  must  therefore  look  for  a  complete  explana- 
tion, and  this,  I  think,  is  presented  in  the  circular  organic  tihrea  of  the 
bronchial  tubes  and  cells.  It  has  long  been  understood  that  tliese  poa- 
aess  the  power  of  varying  the  capacity  of  the  tubea. 

With  this  agency  in  view,  this  second  stage  of  the  process  is  accom- 
plished as  follows  :  The  carbonic  acid,  vapor  of  wafer,  and  excess  of  ni- 
trogen, if  any,  that  have  accumulated  in  the  cells  belonging  to  any  given 
bronchial  tree,  are  expelled  therefrom  by  the  mugcukr  contraction  of  the 
circular  organic  fibres,  and  are  delivered  into  the  larger  bronchial  tubes, 
in  which  diftusion  At  once  takes  place  with  the  air  just  introduced.  A& 
soon  as  The  expiration  is  completed,  relaxation  of  the  muscular  fibres  oc- 
cura,  and  the  pa.Hsage3  and  cells  dilating,  both  through  their  own  elastic- 
ity and  the  exhaustive  effect  arising  from  the  simultaneous  contraction  of 
other  bronchial  trees,  fresh  air  is  drawn  into  them,  the  alternate  expulsion 
and  introduction  being  accomplishefl  by  muscuhu*  contraction  and  elas- 
ticity, the  different  bronchial  trees  coming  into  aclion  at  dttlerent  pcriodt* 
of  time,  some  being  contracting  while  others  are  dilating. 

3d.  The  third  stage  is  the  passage  of  oxygen  from  the  cells  to  the  blood : 
it  is  through  the  wall  of  the  cell,  the  wall  of  the  blood-vessel,  rssusge  of  ox- 
and  the  sac  of  the  blood  disc.     The  carbonic  acid  issues  from  Jj^mem™™^;, 
the  plasma,  and  passes  through  the  wall  of  the  blood-vessel  to  the  blood. 
and  the  wall  of  the  cell. 

Many  physiologists  have  supposed  that  this  exchange  of  oxygen  for 
carbonic  acid  takes  place  on  the  principle  of  diffusion.  On  e^j.^^-.,  ^f 
the  authority  of  Valentin  and  Brunner^  it  has  been  asserted  carboiiic  atid 
that  the  proportional  exchange  actually  observed  is  1174  of  ^ 

oxygen  for  lOOO  of  carbonic  acid,  these  being  the  theoretical  quantities 
under  the  law  of  diffusion  ;  but  there  is  no  diflGculty  in  proving  that  this 
ifl  a  physical  impossibility,  for  the  exchange  is  not  merely  that  of  oxy- 
gen and  carbonic  acid ;  it  is  much  more  complicated.  The  lungs  regu- 
late the  quantity  of  free  nitrogen  in  the  system,  and  there  is  a  constant 
escape  of  the  vapor  of  water.  These  bodies,  moreoi^er,  are  not  present- 
ed in  the  gaseous  state,  but  in  that  of  liquid  solution ;  and  the  wall  of 
the  cell,  of  the  pulmonary  capillary,  and  of  the  blood  disc,  by  their  con- 
deuising  action,  totally  disturb  the  conditions  of  diilusion. 
'  AmericaE  Joiimal  of  Med.  Sciences,  ApriJ,  18E2. 
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If  an  aqueoua  film,  not  more  thaTj  three  eighths  of  a  tnillionth  of  an  ineli 
in.  thickness,  can  copipletely  disturb  the  law  of  diffusion  hy  thecoiidens- 
Ing  action  it  exerts  on  carbonic  acid  and  oxygen^  what  may  Le  expected 
from  the  moist  walls  of  the  air-cella  and  pulinanary  arter)*,  which  con- 
jointly must  be  more  than  &  thousand  times  as  thick  ? 

From  tlieae  comphcations,  it  is  not  possihle  to  assign  any  definite  ratio 
aa  expTPSsing  the  gaseous  exchange  between  the  interior  of  the  oella  and 
the  blood,  for,,  so  far  from  tliis  being  a  case  of  exchange  between  two  gas- 
es without  any  obetruction  intervening,  the  condition  under  wliich  alone 
the  law*  of  diffusion  applies,  tiie  nitrogen  is  doubtless  in  a  state  of  solu- 
tion in  the  blood,  the  steam  in  the  liquid  condition  of  water ;  and  re- 
specting the  carbonic  acid,  nothing  certain  is  known  whether  it  be  in  so- 
lution or  chemically  combined.  Perhaps  it  is  united  witli  soda  in  the 
blood  as  a  bi-carbonate.  From  this  latter  substance  hydrogen  gas  will 
expel  one  half  of  its  carbonic  acid,  and  in  like  manner  a  stream  of  hy- 
drogen gas  passed  througli  blood  deprived  of  its  tibrin  removes  carbonic 
'acid.  Upon  such  principles  it  has  been  fcupjioscd  that  atmospheric  oxy- 
gen removes  carbonic  acid  from  the  "blood  during  res])iratioii,  just  as  would 
H  stream  of  hydrogen  remove  half  the  acid  irom  a  solution  of  bi-carbon- 
fite  of  soda. 

The  generation  of  carbonic  acid  in  the  Bystetn  is  commonly  localized 
Place  or  iho  ^y  referring  it  to  the  soft  tissues.  But,  though  doubtless 
Keneration  of  much  originates  in  this  way,  as  ia  illustrated  by  the  case  of 
ii»r  joiiiu  ail  ,  j^32j.(g^  in  -^ylijch  the  flir  is  carried  directly  to  the  parenchyma 
of  the  organs  without  the  intervention  of  any  proper  oxidizing  blood, 
there  can  be  no  doubt  that  in  man,  as  in  all  the  liigher  tribes,  a  very 
large  proportion  is  generated  in  the  blood  itself.  If  there  were  no  other 
reason  to  bring  us  to  this  conclusion,  it  would  be  sufficient  to  recall  that 
ultimate  oxidation  by  no  jncans  occurs  at  once,  but  that  the  various 
wasted  products  pass  from  stage  to  stage  in  their  retrograde  career. 
Thu3,  between  the  syntonin  of  muscular  fibre  and  the  urea  of  tJie  urine, 
many  stepa  or  stages  intervene,  and  that  much  of  these  changes  ia  ac- 
complished in  the  blood  itself  ia  demonstrated  by  what  occurs  in  the 
uae  of  excesses  of  starchy  albumen,  or  gelatine  in  the  food.  Such  sub- 
Btanccs,  finding  access  through  the  absorbents  in  a  modified  form,  but  not 
wanted  for  the  repair  of  any  part,  are  dismissed  without  ever  entering 
into  the  composition  of  any  organ,  by  the  lungs  or  the  kidneys  as  prod- 
ucts of  oxidation  or  derivatives  thereof. 

The  act  of  respiration  in  man  is  therefore  accomplished  in  the  follow- 
Ooneral  Bt*ic-  ing  way.  The  air,  introduced  by  atmospheric  pressure, 
piowsa  of  jta-  brought  into  play  by  the  action  of  the  diaphragin  and  other 
pLrntion.  respiratory  musclc3,  fill*^  the  nasal  passage,^,  the  trachea,  and 

larger  ramifications  of  the  bronchial  tubcj^.     Between  it  and  the  gas 
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eomin;;  from  the  pulmonary  vesicles,  diffusion  steadily  takes  place,  tend- 
ing to  remove  the  ccU  gas  into  the  atmosphere;  but  this  gas  is  not 
brought  from  the  vesicles  by  diffuaion  nlone,  which  could  not  act  with 
sufficient  speed,  but  by  the  eontraction  of  the  circular  organic  niiisclca  of 
the  bronchial  tubelets  and  of  the  cells,  the  different  broncliial  trees  not 
acting  Binmltancously,  but  suct-cflsively.  As  soon  as  contraction  is  over, 
the  tubes  expand  hy  their  elasticity,  and  the  air  ia  drawn  into  the  cells. 
each  bronchial  tree,  by  its  contraction,  aiding  the  expansion  of  the  adja- 
cent ones.  The  lungs  arc  therefore  not  altogether  passive  during  respi- 
ration, aa  is  sometimes  said.  The  exchange  between  the  gaa  in  the  cells 
and  that  in  the  blood  does  not  take  place  through  simple  dilTusionf  or  bi 
quantities  proportional  to  the  diff"u3ion  volumes  of  oxygen  and  carlwnie 
acid.  It  i»  a  complex  diffusion,  in  \s-hicJi  the  disturbances  arise  from  the 
^iBes  in  the  blood  being  either  dissolved  or  combined,  and  through  sev- 
eral intervening  uienibranes,  that  of  the  air-cells,  tliat  of  the  pulmonary 
artery,  and  that  of  the  blood  disn^  all  of  wliich  exert  a  condensing  autiont 
of  the  result  of  which  it  is  impossible  to  furnish  any  numerical  estimate. 
The  process  ends  by  the  oxpiiision  of  the  foul  air  which  lias  accumulated 
in  the  larger  bronchi  and  trachea,  by  the  diminution  whieh  takes  place 
in  the  capacity  o£  the  chest  during  expiration,  occasioned  by  the  contrac' 
tion  of  the  expiratory  niusclcB,  the  elasticity  of  the  walls  of  the  diest, 
and  of  the  lungs  themselves. 

Such  is  the  arrangement  by  which  fresh  air  is  constantly  presented  to 
the  blood,  and  the  gases  and  vapors  exhaling  from  it  are  icnioved.  The 
de^ee  of  exhaustion  occurring  in  the  cheat  scarcely  justiiica  the  ex- 
pression sometimes  used,  '*a  tendency  to  a  vacuum,"  since  it  is  rarely 
more  than  cora[>ctcnt  to  raise  water  a  single  incf].  Tliis  may  be  readily 
proved  by  dipping  a  glass  tube,  open  at  both  ends,  and  half  an.  inch  in 
diameter.,  into  a  cup  of  water,  and  placing  the  projecting  extremity  be- 
tween the  lips,  taking  care  to  keep  the  muscles  of  the  moutii  at  complete 
rest.  It  will  tiien  be  seen  that  at  each  inspiration  (he  water  rises  about 
an  inch,  and  at  each  expiration  is  depressed  to  a  similar  extent.  Its 
movements  indicate  the  degree  of  rarefaction  or  compression  occnrring  in 
the  chest. 

It  has  been  found  convenient  to  consider  tine  gaseous  contents  of  the 
lungs  under  several  dilFerent  titles:  1st.  The  residual  air  is  Divisions  of 
that  portion  which  can  not  be  removed  by  the  most  power-  ^Jnt^^/of'tUt 
till  expiration  ;  2d.  The  supplemental  air  remains  after  tran-  lun^-s. 
quil  respiration,  but  can  bo  removed  at  will ;  3d.  The  breathing  or  tidal 
air  is  that  portion  which  changes  by  tranquil  inspiration  and  expiration  ; 
4th.  The  complementai  air  is  that  which  can  be  inhaled  by  the  deepest 
inspiration,  over  and  above  that  introduced  by  ordinary  breathing. 
These  are  terms  introduced  by  Mr.  Jeffieya. 
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*'  The  amount  of  air  that  can  be  espelled  by  the  deepest  expiration 
Contiectioo  be-  after  the  fullest  inspiration"  bears  a  singular  relation  to  the 
li^r.Jd '''^'^  height  of  the  individual,  a$  was  discovered  by  Dr.  Hutch- 
iwiyhi.  inson.     "  For  every  inch  of  stature  from  tive  to  sis  feett 

eight  additional  cubic  inches  of  air  at  60'^  Fahr.  may  be  thus  gpven  out." 
The  quantity  of  air  which  can  be  thus  expelled  for  the  Btature  of  tive  feet 
one  inch  is  174  cubic  inches,  and  for  six  feet,  262.  It  is  independent  of 
the  absolute  capacity  of  the  cheat. 

The  diurnal  amount  of  air  introduced  into  the  lungs  has  been  variously 
..  ,  ,      estimated  trom  226  to  .^99  cubic  feet.     A  part*  fropi  4  to  6 

VoliiTii!;  and  ^ 

chuipcs.  of  the  per  cent.,  of  the  oxygen  tiiua  introduced  disappears  in  the 
respired  gms.  i^ngs^  and  the  expired  air  ia  charged  with  from  3  to  5  per 
cent,  of  carbonic  acid.  Kut  that  nothing  analogous  to  combustion  occurs 
in  those  organs  is  proved  by  tlieir  temperature,  which  ia  not  big^ber  than 
that  of  other  parts  of  the  system.  Moreover,  carbonic  acid  can  be  ivith- 
drawn  fronn  venous  blood  in  a  Torricellian  vacuutn,  and  still  better  by 
agitating  the  blood  with  such  gases  as  hydrogen  and  nitrogen,  proving 
that  that  gas  pre-exists  in  the  venous  blood  betbrc  its  entry  into  the 
lungs,  and  ia  not  formed  in  those  organs,  unless,  indeed,  it  exists  as  a  bi- 
carbonate, as  already  mentioned.  The  quantity  of  carbonic  acid  thus 
disengaged  is  less  than  the  quantity  of  oxygen  absorbed,  because  much 
of  the  latter  is  consumed  in  the  production  of  sulpliuric  and  phosphoric 
acids,  which  escape  in  the  urinary  secretion,  aa  hideed  does  a  large  quan- 
tity of  carbonic  acid  itself. 

The  experiments  of  Vierordt  show  that  the  expiration,  in  a  state  of 
Vierordt's  rest,  contains  4.3vi4  per  cent,  of  carbonic  acid;  that,  as  the 
experiments,  number  of  respirations  per  minute  increases,  tlie  percentage 
amount  of  carbonic  acid  diminishes  ;  and  that  for  e^ery  expiration,  with- 
out reference  to  its  duration,  there  ia  a  constant  amount  of  carbonic  acid, 
namely^  2h5  per  cent.,  to  which  we  must  add  a  second  vahic,  expressing 
the  quantity  of  carbonic  acid,  and  which  is  exactly  proportional  to  the 
duration  of  the  respiration,  as  is  shown  in  the  following  table. 


RrBp^ralinTiB 
per  minutr. 

PercEPt^j;*  of 
motion  fc  kicld. 

(.'MtKUnllL 

of  ttin  n.riHiiilc  dHrl    frir  iIk! 

■ICLrftlllVU  t}(  Mt*  PP^piTTLtillll. 

6 
12 
24 

48 
9G 

fi.7 
i.I 
3.3 
a.9 
2.T 

2.6 
B.6 

2.5 

s.n 
2.:> 

S.2 
1-8 
0.S 

0.9 

Vierordt  also  estimates  that,  for  the  entire  removal  of  the  carbonie 
acid  from  the  blood,  more  tlian  three  hundred  respiratory  acts  per  minute 
would  be  required.  To  some  extentt  the  deptli  of  the  respiration  will 
compensate  for  want  of  frequency.  Thus  he  shows  that  in  an  expiration 
nf  double  the  usual  volume,  the  quantity  of  carbonic  acid  removed  is 
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Dearly  equal  to  that  which  would  be  exhaled  by  respirations  of  three 
times  the  normal  frequency,  and  on  examining  a  single  respiration,  he 
demonstrates  what,  however,  would  obvjoualy  be  fore&een  from  a  conaid- 
eration  of  the  circumstancea  of  the  case,  that  the  last  portions  of  the  ex- 
piration are  the  riche&t  in  carbonic  acid.  Thus  the  firat  half  of  a  respi- 
ration contained  only  3.72  per  cent,  of  carbonic  acid,  the  last  lialf  5.44 
pet*  cent. 

With  respect  to  the  ratio  between  the  quantity  of  oxygen  inspired  and 
that  contained  in  the  expired  carbonic  acid,  a  variation  will  Hatiooi-^hni 
be  obacrved,  Jejjcnding  on  many  conditions,  as,  for  example,  ipLred  And  ex- 
on  the  nature  of  the  food.  Thus,  with  a  carbohydrate,  the  ^'""^  "^'^'^ 
quantity  of  oxygen  in  the  carbonic  acid  will  always  be  less  than  that  in- 
spired, a  portion  being  employed  in  the  destruction  of  the  systemic  nitro- 
genizcd  material  wldcli  is  undergoing  decay.  Tliia  destruction  of  nitro- 
genized  material  is  not  sufficient  for  the  support  of  animal  heat,  and 
hence  either  carboliydratea  introduced  by  tlie  tbod,  or  fat  already  exist- 
ing in  tiie  system,  must  be  resorted  to  for  the  purjjoae  of  making  up  the 
deticicncy.  With  such  variationa  in  the  requirements  of  the  syatem, 
and  variations  in  the  nature  of  the  food,  the  ratio  of  the  oxygen  intro- 
duced to  tlmt  in  the  carbonic  acid  removed  must  also  vary. 

For  the  perfect  oxidation  of  the  difterent  elements  of  food,  very  differ- 
ent quantities  of  oxygen  are  required;  thua,  for  the  oxidation  of  lUO 
parts  of  tat,  it  would  recjuire  292. 14  of  oxygen;  for  tiiat  of  starch,  118.52; 
^  for  tliat  of  musclct  147.04. 

For  reasons  to  be  considered  when  wc  treat  of  tlie  production  of  heat, 
the  quantity  of  carbonic  acid  disengaged  varies  with  extental  Vnriationji  in 
circTinistaiicea.  When  tJie  weather  is  cold  it  is  greater  than  tlw  rcapired 
when  it  is  warm.  Thus  at  68^  there  is  twice  as  much  lib-  ^^' 
crated  as  at  106°.  It  increases  during  exercise  and  after  eating,  but 
dimiuishes  during  sleep.  More  is  set  free  by  men  than  by  women ;  it 
also  variea  with  age,  the  proportion  rising  from  eight  years  to  tliirty,  re- 
maining stationary  to  forty,  and  then  declining.  It  changes  with  the 
frequency  of  tlie  respirations.  The  total  quantity  of  carbon  daily  re- 
moved by  respiration  may  be  estimated  at  eight  ounces. 

Besides  the  carbonic  acid  removed,  a  large  quantity  of  water  is  ex- 
creted by  the  lunga,  for  the  expired  ait  may  be  regarded  as  n^aierremoved 
saturated,  or  containing  the  maximum  quantity  of  water  for  ^  respifaiioti. 
94°.  For  the  vaporization  of  this  water  much  heat  ia  consumed,  aa  is 
likewise  the  case  for  tlie  warming  of  the  introduced  air,  which,  no  mat- 
ter what  tlie  external  temperature  may  have  been,  ia  brought  to  that  of 
the  lungs. 

With  respect  to  the  absolute  amount  of  air  expired,  and  also  the  quan- 
tity of  water  removed  by  the  lungSy  Bome  exjierimenta  ha%'c  recently  been 
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made  by  my  son,  Dr.  J.  C.  Draper  ;  the  principle  upon  wlilcli  they  were 
Qiianiiryofair  Conducted  may  be  thug  briefly  stated.  The  air  from  the 
expired  per  lungs,  which  has  a  dew-point  of  94°,  was  passed  by  a  wide 
nunutc.  ^^^  through  a  metallic  condensier  kept  at  32^,  care  being 

taken  to  }iave  as  Utile  obstruction  aa  possible  to  ita  egress.  Tht  weight 
of  the  water  collected  in  the  condenser  furnished  the  means  of  calculating, 
by  a  simple  fonnula,  the  quantity  of  air  wliich  had  been  expired,  for  the 
vapor,  leaving  the  respiratory  passages  at  94°,  and  that  leaving  the  con- 
denser at  32°,  were  at  tlieir  maximum  densities.  Coniputationa  exe- 
cuted upon  data  obtained  on  thia  principle  ftitniBh  the  following^  among 
other  interesting  results : 

1.  On  making  sixteen  respirations  in  the  minute,  and  continuing  tho 
experiment  for  twenty  minutes^  the  average  of  five  difFcr<'nt  series  of  cx- 
periment3  gives  U22  cubic  inches  of  air  expired  each  minute. 

2.  On  making  six  respirations  in  a  minute,  and  continuing  tlic  trial 
for  twenty  minutes,  the  average  of  three  seriea  of  cxperimenta  gives  511 
cubic  iiichea  for  the  air  expired  each  minute. 

3.  On  making  thirty-three  respirations  in  a  minute,  and  continuing  the 
experiment  for  twenty  minutes,  the  average  amount  of  air  is  1077  cubi<- 
inches  for  the  air  expired  in  each  minute. 

On  comparing  these  three  statements,  it  appcnrs  tliat,  the  first  reprc- 
sentbig  normal,  the  second  very  slow,  the  third  very  quick  respiration, 
the  absolute  amount  of  air  rcuiovQ'd  ftom  the  lungs  is  directlv  proportion- 
al to  the  number  of  respiratory  acts  in  a  gii'en  j>eriod  of  time,  and  tliis 
notwithstanding  such  variatians  in  the  depth  of  tlie  inspirations  aa  un- 
der such  circumstances  are  likely  to  occw, 

With  resjiect  to  the  quantity  of  water  removed  from  the  lungs,  he  also 
shows, 

.      ■■[  -  f  •*•   That,  at  an  atmospheric  temperature  of  5!^)'^,  the  dew- 

ier exiinieti  ptr  point  being49o,  the  number  of  expirations  j^ixteen  yor  minute, 
minute.  ^jj^  quantity  of  water  removed  per  minute  is  4.41U  grains. 

5.  The  other  conditions  remaining  the  Fame,  but  thi>  respirations  re- 
dnced  to  six  per  minute,  the  amount  of  water  removed  per  minute  i? 
3.586  grains. 

8.  The  other  conditions  remaining  as  before,  but  the  number  of  res- 
pirations increased  to  thirty-three  per  minute,  the  amount  of  water  ro- 
raoved  per  minnte  is  7.560  grains. 

From  these  statements  it  therefore  appears  that  the  quantity  of  water 
removed  from  the  Llood  by  respiration  increases  with  the  frequency  of 
the  respiratory  acta,  and  thia  notwitlistanding  variations  which,  under 
such  circumstances,  mnst  take  place  in  their  depth.  Theoretically,  it  is 
also  obvious  that  the  absolute  amount  thus  expired  is  dependent  on  the 
existing  dew-point  of  the  air.     In  the  general  table,  given  on  page  15, 
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the  amount  of  water  ia  calculates!  from  Seguiii's  experiments,  but  it  ap- 
pears from  tliese  results,  wJiich  are  obtained  by  a  raucli  more  accurate 
process,  tliot  the  numlier  there  given  is  undoiibtedly  too  high. 

The  time  of  exjjosurc  of  the  blood  to  the  air  is  only  a  second  or  two. 
The  color  changes,  aa  has  been  described  licfore,  from  blue  to  crirason, 
and  the  temperature  rises  a  dep-cc  or  two,  as  is  shown  by  an  examina- 
tion of  the  left  cavitie3  of  the  heart.  Tiie  water  tlms  removed  ia  not 
pure^  but  contains  animal  matter  in  a  state  of  decay. 

Though  ive  liavc  treated  of  the  act  of  res^piratioii  aa  consisting  of  two 
separate  and  consecutive  stages,  inspiration  and  expirflition,  Kpf-pinitifMi  in 
in  reality  it  proceeds  coiitinuously.  At  tUe  reapiratory  sur-  ^I'^edp'rocat. 
face,  wliich  is  the  wall  of  tht^  air-ceil,  tlie  passage  of  oxygen  ing- 
inward,  and  of  ear^wnic  acid  and  steam  outward,  takes  place  in  a  steady 
and  unvaiy^ing  manner.  The  periodicity  under  which  it  lias  been  conven- 
ient to  Bjieak  of  this  function  concerns  only  the  introduction  and  removal 
of  gaaca  from  t!ie  large  uir-waya. 

Considering,  therefore,  the  continuous  loss  of  water  which  the  venous 
blood  brought  by  the  pulmonury  arterml  branches  undergoes,  Kffr^t  of  rrepi- 
it  must  give  rise  nccesaarily  to  a  greater  dcnaity  in  the  blood  Jipn"''n"Vthe 
on  the  left  giJc  as  compared  with  that  of  the  right  side  of  Lilooil, 
the  heart.  The  total  quantity  of  blood  passing  througli  the  lung.'^  in  one 
minute  is  22ij  ouneeti,  and  tiie  lo.';s  of  water  from  this  in  the  ,f*auic  time 
can  not  be  more  tlum  7  grains.  This,  therefore,  shows  that  the  actual 
loss  of  water  by  the  blnad  during  itn  passage  over  tlie  air-cellj^  iri  about 
■^g^-^P  part,  a  quantity  which  in  altogether  inappreciable,  so  thr  as  its  in- 
fluence on  the  spccilic  gravity  is  concemed>  and  slio^ving  us  that  the  ob- 
servations which  some  experimenters  have  made  on  thts  point,  with  a 
view  of  demonstrating  an  increased  fipi«3itudc,  density,  or  eohcHivenese 
of  the  blood  on  the  left  aide  of  the  hejirt,  from  the  ^ving  up  of  its  water 
as  it  passed  ttirough  tiie  reajjiratory  organ,  are  ettlicr  exag^^erated  or  ef- 
fected by  some  deceptive  cause* 

The  introduction  of  an  irrespirable  gas  into  the  lungs,  or  the  prevention 
of  the  acce33  of  the  atmospliere,  brings  the  circulation  of  the  EiU'ciorrhein- 
blood  to  a  atop;  for  that  movement  depends,  as  I  have  shown,  ''reCruWB' 
on  the  aeration  taking  place  in  the  pulmonary  capillaries.  In  gases. 
such  cases  there  will  be  an  engorgement  of  the  right  heart  and  vessels 
arising  tberefi-om,  but+  if  the  stoppage  hag  not  lasted  too  long,  the  current 
may  be  re-establislicd  by  re-establishing  the  respiration.  Death  com- 
monly ensues  on  an  exclusion  of  the  air  for  tive  minutes,  and,  in  eases 
of  drowning,  it  is  rare  for  restoration  to  be  effected  if  the  immersion  has 
lasted  more  than  four. 

In  the  respiration  of  protoxide  of  nitrogen,  a  gaa  which  is  an  energetic 
supporter  of  combustion,  and  acting  more  powertuUy  on  the  animal  sya- 
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fern  when  respired  than  even  oxygen  itself,  on  account  of  its 
oKide  of  Hitro-  readj  couden&ibility  by  presHureT  or  hy  membranes,  aiid  sol- 
'^°'  ubUity  in  water,  tlie  circulation  is  greatly  quickened  at  first, 

and  a  ^tate  of  exhilaration  ciisuoa;  but  this  i^  ^ooii  followed  by  &  con- 
dition of  depreaaioii,  or  even  of  coma,  for  the  quantity  of  carbonic  acid 
produced  in  the  aystera  is  now  ao  great  tliat  tlie  lungs  are  wholly  inadi> 
quate  to  eftect  its  removal,  and  all  the  symptoms  of  poisoning  by  car- 
bonic acid  come  on. 

Ziminerman  found  that  a  rabbit  exhaled  12^  grains  of  carbonic  acid 
ppr  hour  when  breathing  atmospheric  air,  but  that  the  quantity  rose  at 
once  to  20  gr.uns  per  hour  when  it  was  caused  to  breathe  protoxide  of 
nitrogen,.  But  by  far  the  most  complete  and  important  series  of  expcri- 
SimimaTv-  of  meiits  y^t  niade  in  regard  to  the  relations  of  the  aerial  me- 
Regna lilt's  jnd  diuui  and  the  respiring  animal  is  that  of  5IM.  RegnauU  and 
iniBntH  on  res-  lieisct,  published  in  the  Annales  de  Chimic,  Juillet,  1849,  of 
pjrfttion,  wliich,  since  it  may  be  taken  as  a  model  of  physiological  in- 

veatigntion,  a  brief  abstract  is  here  given. 

The  apparatus  they 
employed  is  represented 
in  I^iff.  81,  It  possesses 
the  great  advantage  over 
ail  experimental  aminge- 
nicuts  heretofore  employ- 
ed in  pcmiitting  an  ani- 
mal to  be  kept  even  for 
many  days  in  a  limited 
volume  of  air,  but  under 
sucli  circumetances  tbal 
fc3r|H'riiiii-utB.mr,apinition.  that  air  wvui   constaiLtlv 

kept  at  its  normal  composition  by  the  antomatic  motions  of  tlie  instni- 
meut  itself:  oxygen  being  thus  furnished  aa  it  was  required,  and  car- 
bonic acid  removed. 

The  ari'angement  consists  of  three  parts  :  lat,  a  chamber  or  bell,  I,  for 
inclosing  the  animal,  Burroundcd  by  a  jar  filled  with  water,  the  tempera- 
ture of  which  coidd  be  ascertained  by  a  themnoraeter*  k.  In  the  interior 
of  the  bell  was  a.  platfonii  pertbrated  witli  holes,  by  the  aid  ofwhicli  the 
excretions  could  be  collected.  On  one  side,  Rtp,  was  a  pressure  gauge, 
connected  with  the  bell  by  a  tube,  and  showing  the  condition  of  conden- 
sation or  rarefaction  of  the  included  atmosphere.  2d.  At  the  5a?ne  side, 
the  bell  communicated,  by  means  of  India-rubber  tubes,  m,  n,  with  two 
L-ylindric  vessels,  ^7,  r,  tilled  with  a  solution  of  caustic  potas&a,  and  which 
were  driven  by  the  aid  of  powerful  clock-work  in  such  a  way  that  the 
one  alterngtelj-  rose  and  the  other  descended,  the  flexible  tube  *  permit- 
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ting  this  motion.  The  reeult  of  this  was  that  a  portion  of  the  air  of  the 
bell  was  altcniat<?ly  drawn  into  each  of  the  cjlindric  vessels,  ita  carbon- 
ic  acid  removed  hy  the  potash,  and  then  it  was  returned ;  &o,  as  fast  as 
the  animal  produced  thnt  gas  by  breath[ng,  the  potash  remoTcd  it,  giving 
rise,  therefore,  to  a  tendency  to  a  certain  amount  of  rarefaction  in  the  air 
of  the  bell ;  but,  3d,  on  the  opjxtsite  &ide  of  the  bell  were  placed  three 
reeeptadea^  e,  e',  e",  filled  with  pure  oxygen  gas,  wliich  Howed  into  the 
bell  through  the  tubes  /A,  fA,  f'h^  to  compensate  for  that  rarefaction, 
coming  in  by  a  biihlile  at  a  time  through  the  little  potash  flask  ?',  the 
oxygen  heing  prc3iied  out  of  the  reseivoira  by  a  solution  of  chloride  of 
calcium  descending  tlrrougli  a  Btop-cock,  f,  from  a  reservoir,  h  h\  kept  al 
a  constant  level  in  the  usual  manner  Isy  the  flasks  »v,  a',  ar".  Ah  fast  as 
one  receptacle  was  exhausted,  the  pressure  tube  was  successively  con- 
nected with  the  others,  and  so  the  supply  kept  up.  Attached  to  the 
stand  supporting  the  animal  was  ft  eudiometer,  o,  which  enabJcd  a  small 
quantity  of  air  to  be  withdrawn  from  the  bell  at  any  moment  for  the 
purpose  of  analytical  examination*  For  other  details  of  this  apparatus, 
and  the  particulars  of  its  method  of  use,  reference  may  be  made  to  the 
original  memoir  itself.  It  ia  wulficient  for  the  present  purpose  to  under- 
stand that  an  animal  could  be  kept  in  the  interior  of  this  bell  for  several 
dsjB  without  showing  any  eigiis  of  discomfort,  pure  oxygen  being  sup- 
plied to  it,  and  the  carlionic  acid  protluced  by  breathing  removed  by  llie 
play  of  the  machine  itself. 

The  following  is  an  abstract  of  the  results  obtained : 

lat.  Hot-blooded  animala,  mammifera  and  birds,  under  their  ordinary 
diet,  always  disengage  a  littJe  nitrogen  by  respiration,  the  ,,     .,     ,  , 
amount  varving  from  leas  than  -y^  to  -^  of  the  weight  of  miimaia  on  »n 
the  oxygeu'they  consume.  *"^"'^*'>"  ^'"' 

2d.   When  thcHe  animals  are  fastmg,  they  often  absorb  nitrogen  in  pro- 
portions fiirailar  to  tlic  preceding.     In  like  manner,  an  absorp-  xbe  wmi,- 
tion  of  nitrogen  was  observed  after  starving  the  animal,  and  then  f»-^''tig- 
subniitting  liim  to  a  diet  very  different  from  Uia  ordinary  one,  find  also 
during  sickness. 

3d*  The  ratio  lietween  the  quantity  of  oxygen  contained  in  the  car- 
bonic acid  and  the  quantity  consumed  depends  more  on  the  .  -  . 
nature  of  the  food  than  the  class  to  which  the  animal  be-  ftwd  anj  fmt- 
longs,  being,  when  the  animals  are  starving,  (he  same  as  it  is  '"*^" 
when  they  are  fed  upon  meat,  or  perhaps  a  trifle  less.  From  this  the 
interesting  conclusion  may  be  drawn  that  a  starving  animal  furnishes  to 
the  air  of  respiration  his  own  substance,  which  ia  of  course  of  the  same 
nature  aa  the  flesh  be  eats  when  dieted  on  meat.  All  hot-blooded  ani- 
mals present,  when  they  are  s1ar\'ing,  the  respiration  of  carnivora.  The 
ratio  for  the  same  animal  varies  from  0.62  to  1,04,  according  to  the  na- 
ture of  the  diet. 
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ith.  In  fowb^  Bubmitfed  to  their  tisual  diet  of  grain,  tliern  is  often 
iwpiration  niore  oxygen  in  the  carbonic  acid  disengaged  than  was  furnished 
-.>(  birda.  {^  thg  ^ir  by  respiration^  The  surplus  of  course  comes  frora 
the  food. 

oth.  The  quantity  of  Oxygen  consumed  in  a  given  time  varies  with 

'',  g  .  the  state  of  digestion,  motion,  and  other  circumstances.     Com- 

mutitra,  age,  pared  together,  tlie  consumption  is  greater  among  the  young 

t}ian  among  ndulta,  greater  among  those  that  are  lean  but  in 

good  health  than  among  those  that  are  fat, 

6th.  If  we  take  an  equal  iveight  of  the  animals  under  examination^  the 
influenreof  quantity  ot"  oxygen  varies  much  with  their  aUiolute  size; 
ihffBlze  uiiaA-  tlius  it  is  ten  times  greater  among  little  birds,  such  a.^  spar- 
rows and  green-hncheB,  than  among  common  fowl's.  This 
ia  o^inng  to  the  fact  that,  since  tlicBc  different  species  have  the  same  tem- 
perature, and  the  little  ones  present  relatively  a  greater  surface  to  tlie 
ambient  air,  they  must  eons\ime  relatively  more  oxygen  to  keep  up  their 
heat  to  the  standard  degree. 

7th.  Hibernating  animals,  such  as  marmots,  -when  perfectly  awake,  ex- 
„  .  .  ,  liibit  no  peculiarity,  but  ivhen  fast  asleep  often  ab&orb  nitro- 
hibernaiing  geii.  TliE  ratio  of  the  oxygcn  contained  in  the  carbonic  acid 
*"'"•*"■  to  that  inspired  is  very  low,  scarcely  amounting  to  0*4+  the 

missing  oxj'gen  escaping  in  the  compounds  of  the  urinary  secretion: 
but  since  this  removal  takes  place  only  jjcriodicjilly,  the  sleeping  marmot 
exhibits  the  remarkable  pheuomenon  of  increasing  in  weight  by  roj'pira- 
tion  alone. 

8th.  The  confumption  of  oxygen  by  sleeping  marmots  is  very  small, 
scarcely  -^-^  of  what  they  require  when  awake.  At  tlic  moment  they 
awaken  from  their  lethargj-,  their  respiration  Iwcomes  extremely  active, 
and  durijig  t!ie  period  of  their  awakening  they  consume  much  more  oxy- 
gen than  when  they  are  completely  awake.  Their  temperafurc  rises  rap- 
idly, and  their  members  gradually  lo.se  their  stiffened  state.  While  tor- 
pid they  can  remain  without  difficulty  in  an  atmosphere  which  would 
suffocate  them  in  a  few  moments  if  awake. 

9th.  Cold-blooded  animals,  for  an  equal  weight,  consume  much  less 
Bcinlrition  of  ^^YS^^  ^^^'^'^  liot-blooded.  Frogs  with  their  lungs  cut  out 
foid.i.icHjiied  continue  to  breathe  vritli  nearly  the  same  activity  as  before, 
often  living  for  several  days,  the  projwrtions  of  the  gases 
ahsorbed  and  disengaged  differing  little  frotn  what  is  obseT\'cd  in  the 
case  of  uninjured  frogs.  This  showa  that  their  respiration  can  be  con- 
ducted by  the  akin.  The  respiration  of  earthworms  is  the  same  as  that 
<jf  fi-ogg,  as  regards  tiie  quantity  of  oxygen  consumeil,  when  they  arc  com- 
pared under  equal  weig]it. 

30th.  The  respiration  of  insects,  such  as  May-btiga  and  silk-worms, 


F 


NERVES   or   RESI'IRATION.  173 


LB  much  more  active  than  that  of  reptiles.  Under  an  equal  EftspifatlAu  or 
weight  they  consume  nearly  as  niuch  oxygen  as  mammalia  i  ^°»"cu, 
the  comparative  lowneaa  of  their  temperature  is  due  to  the  relatively 
great  sui-faee  and  moist  exterior  thoy  present  to  the  air.  It  13  to  be  re^ 
marked  tliat  we  are  here  comparing  the  respiration  of  insects  with  that 
of  mammHiia  whose  weights  may  le  from  2000  to  10,000  times  as 
great. 

11th.  The  respiration  of  animals  of  different  classes,  in  an  air  con- 
taining two  or  three  times  aa  much  oxygen  as  the  almos-  Effeei  of  in- 
phere,  docs  not  differ  from  existing  respiration;  iudeeil,  the  ^'^a*'"^  4"^ 
animals  do  not  appear  to  perceive  that  they  are  in  a  medium  yt^^a. 
different  from  the  ordinary  atmosphere. 

12th.  The  rcapimtioii  of  animals  in  a  medium  in  which,  for  the  most 
part,  hydrogen  replaces  the  nitrogen  of  our  atmosphere,  scarcely  differs 
from  existing  respiration  ;  only  there  is  remarked  a  gretiter  consumption 
of  oxygen,  due  jicrhaps  to  the  necessity  of  compensating  for  the  increased 
coohng  arising  from  the  contact  of  hydrogen  gas- 

The  introduction  of  air  into  the  system  is,  to  a  certain  extent,  auto- 
matic* and,  to  a  certain  extent,  dependent  on  the  will.  In  tranquil  res- 
piration we  are  wholly  unconscious  of  the  motion:  the  ex-  „ 
eiting  impression  is  made  on  the  pneumogastrk*  ncrves»  and,  VU.IVC1I  in  r&s- 
being  conveyed  to  the  respiratory^  ganglion,  tlie  medulla  ob-  f^""^'"^"' 
longata,  ia  there  ao  reflected  that  through  the  agency  of  the  phrenic  nerve 
motion  takes  place  in  tJie  diaphragm.  The  automatic,  and  therefore  un- 
conscious movement,  to  a  certain  estcnt,,  occurs  in  that  way.  But  there 
ia  no  doubt  that  the  brain  also  participates  in  the  function.  No  othei" 
evidence  of  this  is  required  than  that  we  can  "hold  the  Lreath,"and  the 
relative  ghare  that  the  voluntary  and  automatic  mechanisms  take  ia  illus- 
trated by  the  circumstance  that  this  holding  of  the  breath  can  only  be 
persisted  in  for  a  certain  time,  when  the  necessity  for  reapirmg  becomes 
altogether  uncontrollable. 

It  is  not,  however,  to  be  supposed  that  ao  important  a  condition  as 
that  of  the  introduction  of  the  air  is  only  slenderly  provided  for.  Many 
other  nerves,  besides  those  mentioned,  take  part  in  it  directly  or  indi- 
rectly ;  the  fifth  pair,  the  nerves  of  the  general  suriiice,  and  also  tiie  great 
aympathetic,  the  intcrcostala,  the  spind  accessory,  which  probably  gives 
its  motor  property  to  the  pncumogaslric.  Opinion  h.13  diftcred  respect- 
ing the  cause  which  produces  the  necessary  impression  on  the  receiving 
nerves,  some  refcning  it  to  the  presence  of  venous  blood  in  the  capilla- 
ries of  the  lungs,  and  some  to  the  carbonic  acid  lu  the  cells.  Moreover. 
there  is  reason  to  believe  that  the  presence  of  an  abnormal  amount  of 
vonoua  blood  in  the  respiratory  ganglions  will  of  itself  give  rise  to  res- 
piratory movements  through  the  proper  centrifugal  nerves- 
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The  control  posscsf!cd  by  the  will  over  the  introduction  of  air  etande 
Reftpinition  in  a  close  relation  to  the  prodnction  of  articulate  or  othei* 
torv  ana^nari-  s^unds,  and  therefore  to  intercommunication  between  indi- 
ly  automatic  vidualg  by  speech.  This  involves  not  merely  a  genera!  son- 
trol  alone,  but  also  a  particular  one,  which  ia  reached  by  regulating  the 
movements  of  the  glottis  by  the  agency  of  the  superior  and  inferior  laryn- 
geal nerves-  But  though  tlie  will  for  these  important  purposes  cxercisep 
so  marked  a  power  of  regulation,  it  i&  to  be  looked  upon  as  superadded 
or  incidental,  and  during  sleep,  coma,  and  that  larger  portion  of  life  which 
13  spent  in  total  inattention  to  the  carrying  on  of  this  function^  it  is  dis- 
charged in  a.  purely  automatic  way. 

The  mechanism  which  accompUshes  the  surprising  results  of  respira- 
RcBuita  of  res-  ■'io'i  may  therefore  well  challenge  oiu:  admiration,  Ab  a 
tiiratiun.  self-acting  or  automatic  contrivance,  over  which  we  have  not 

A  necessary  controlj  it  originates  in  a  single  year  nearly  nine  mUliona  of 
separate  motions  of  breathing.  It  never  fatigues  us ;  indeed,  we  arc 
never  conscious  of  itg  action.  In  the  same  time,  a  hundred  thousand 
cubic  feet  of  air  have  been  introduced  and  expelled,  and  more  than  thir- 
ty-five hundred  tons  of  blood  Iiave  been  aerated.  In  a  future  pnge  we 
ahall  have  to  present  the  wondcrinl  mechanism  by  which  aerial  currente, 
as  they  pass  in  and  out  of  the  respiratory  apparatus,  are  incidentally  em- 
ployed as  a  means  of  producing  musical  notes  or  articulate  sounds,  ant^ 
of  thus  eatablishing  a  relation  and  communication  between  diflercnt  in- 
dividuals. By  these  the  feelinga  and  thoughts  are  diffufied,  and  in  a 
mechanical  origin  commence  thoae  bonds  which  hold  society  together. 
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CHAPTER  X. 

f 

OF   ANIMAL   HEAT. 

T^jrtte^non  of  Ortfanir  Furms  in  erfrrtml  Vanatimi*  flf  Tempfraiyrf,~~^Mtchai\ism  for  mmjiter- 
bixltmcing  these  VnTiiitinitJi. — Un'tfopmenl  of  Htnt  in  fiinls  at  Germinatrait  and  Inflorfsrfnet, 
— /(*  C'n'tsr  tjf  O^ifliilion.^  Coaneetion  of  /ifitpiruliaJi  <mrl  Heat. —  TrmjKrafure  of  Man. — Nil 
Ptacee  <>f  ReMttrmce.^Th^  diufnal  V<ttiatimx  a/ Hmt. —  Omntction  of  these  Vitrititions  tmM 
gn/anur  ^friodidties. — Anntuil  yariatioaa  of'  Jltat. — Control  offf  l/itm  hg  Food,  Clothing,  and 
Sheket. — Soiree  cf  An!mul  Ihal. — Effftl  of  VaTiutions  in  slit  Food  and  in  Oip  mfihed  jV/e- 
{fivm,  bothu^  revfKta  its  Nature  nnti  /iarrfadhn. — IlgbiTitnlitm.—StaTTnlitm.—ArtificiafRi!- 
daetien  of  Trmpmilure  fry  Rhod-lfltitip . — Prineiplri  if  Redruiiou  nf  TfinpfFittiirr. — Jiitdia- 
(•0n. — Conbiet. — Eiaporafiorin — Thfir  Baianct  with  the  Ufatint/  /VorfjiSf*. — Lead  Vofia- 
lions  tUmuialfd  Ay  the.  Circuiutinn. —  Control  Ay  the  Nfrvous  System. — Its  jtlijfsictil  Jii'atwe. — 
AUatrtq/uiH.  of  OryciTLK  ISoditt. 

OwiKG  to  the  earth's  diurnal  rotation  on  its  axia,  and  its  annual  nuave- 
ment  of  translation  round  the  sun  in  an  orbit  inclined  to  tlie  -r,   .   , 
equator,  variations  of  teni|jeratnre  arise,  the  viciaaitudes  of  frxiernat  Mm- 
aumnier  and  winter,  day  and  night.  i»erntHre. 

In  these  variations  alJ  objecta  upon  the  surface  of  the  planet  paiiici- 
pate ;  organic  forma  are  no  exception.  As  the  heat  of  the  medium  in 
which  they  lire  ascends  or  descends,  theirs  follows  it  at  a  rate  dejicnd- 
ent  on  their  conduetibiUty. 

Like  mineral  sub&tances^  the  more  lowly  forms  of  life  submit  to  tliese 
changes.  They  have  no  provision  for  eheck  oreompenaation.  Ornsnic  fonns 
In  summer,  the  temperature  of  the  stem  of  a  tree  rises  with-  JJJ'^^'^^i*^^"^ 
out  any  restraint ;  in  winter  it  declines ;  and,  should  the  tions, 
point  tK  reached  at  which  those  nutritive  changes  that  give  motion  to  the 
aap  cease,  nothing  is  done  to  aiTest  the  descent,  and  the  whole  organism 
passcB  into  a  state  of  torpor,  iiybemation,  or  temporary  death. 

Now,  since  this  following  of  atmospheric  temperatures  must  take  place 
in  every  organism  aa  well  a&  in  evety  mineral  body,  the  con-  Conip«'rj*a(m(r 
stmction  of  one  luiving  a  uniform  mode  of  exiatence  in  all  or'^['h"|f  ^,"^^11;" 
climates  and  all  seasons  implies  a  resort  to  some  subsidiaiy  tribes. 
mechanism,  which,  though  it  may  not  check,  may  yet  comjjcnsate  for 
these  vicissitudes.  Accordingly,  so  nearly  is  tlus  equalization  accom- 
plifllied  in  the  higldy-dev eloped  tribes,  and  a  standard  temperature  so 
nearly  attained  for  them,  that  many  physiologists,  misled  by  imperfect 
obser^-ationa,  have  concluded  that  fluch  Uving  beings  are  emnncipated  by 
nature  from  the  0|>eration  of  physical  laws  :  an  erroneoos  conclusion,  for 
in  them  that  action  is  only  concealed. 
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In  different  races,  the  tneclianigm  by  which  these  varifttions  of  atmos- 
pheric tem|}eraturft  are  balanced  acts  with  different  degrees  of  perfeclioii. 
^  .,     J,.  .  On  this  a  subdivision  has  been  fouiidedi  and  nhiiriab  classi- 

Cold  and  hot  ' 

iiioodfid  aiiu  fied  as  the  cold  and  hot  blooded.  AVc  arc  not,  however,  to 
'  attach  much  importance  to  such  an  arrangement:  it  ia  rather 

imaginary  than  founded  on  any  real  distinction.  In  man,  the  tempera- 
ture is  near  lOO'^ ;  in  fishes,  it  is  about  tiiat  of  the  water  in  which  they 
live.  Insects,  in  ihcir  lan'a  and  pnpa  condition,  are  cold-blooded;  in 
their  perfect  condition,  hot. 

We  liavc  now  to  e.xplain  what  physical  principles  nre  reported  to  in 
solving  the  problem  of  maintaining  an  organic  form  at  a  constant  tem= 
pernture  in  a  medium  the  heat  of  whicli  ia  variable ;  and  ag  we  may 
reasonably  anticipate  that  llicse  principles  arc  the  same  in  every  Irilie  of 
life,  it  will  facilitate  our  ii±vestigatiuns  to  commence  with  the  simplest 
cases  first. 

There  are  two  periods  in  the  life  of  a  plant  during  which  it  simulates 
Two  period?  of  ^''^^  fuucitions  of  an  animal  in  maintaining  a  temperature 
best  iQ  iiianta.  higher  thftH  that  of  the  surrounding  ain  These  periods  are, 
let,  at  the  gennination  of  the  seed ;  2d,  during  the  functional  activity  of 
tiie  flower* 

If  a  maaa  of  seeds  be  laid  together,  as  in  the  making  of  malt,  the  op- 
Heat  of  Rpirnj^  etation  being  conducted  at  a  gentle  temperature,  aiul  with  the 
inatioji.  aoccss  of  atniosphpric  air,  oxygen  disappcara^  carbonic  acid  i? 

set  free,  and  the  temperature  rises  forty  or  tifty  degrees.  A  process  of 
oxidation  must  tliercfore  have  been  carried  into  effect,  and  to  it  we  trace 
the  heat  disengaged,  lor  carbon  can  not  jiroduce  carbonic  acid  without  a 
rise  of  teniiKratiire  ensuing.  The  loss  of  weight  which  a  seed  exhibits 
is  therefore  due  to  its  loss  of  carboji,  and  the  whole  cflVct  is  explained  in 
tlie  statement  that  atmospheric  oxygen  has  united  witli  a  portion  of  car- 
bon contained  in  the  seed,  producing  carbonic  acid  gas  and  mi  evolution 
of  heat. 

Again,  during  flowerings  the  same  action  is  repeated,  Tiie  flower  re- 
Uwat  of  mflo-  movcH  from  the  surrounding  air  a  portion  of  the  oxygen  il 
nascetitc,  contains,  and  replaces  it  with  carbonic  acid,  the  tcrajjeraturo 
rising,  as  accurate  exjierimcnts  Imve  proved,  in  absolute  correspondence 
with  the  quantity  of  o."4ygen  consumed.  Jnor  ia  this  elevation  insignifi- 
cant. A  mass  of  ilowers  has  been  observed  to  raise  the  thermometer  from 
66°  to  121^. 

If  tluia  the  disengagement  of  warmth  is  the  result  of  oxidation,  it  must 
axiiiaiion  ilie  depend  on  the  presence  of  air,  and  bo  regulated  by  the  rapidity 
dt^vBtLns^'oT  ^^"^^^^  which  oxygen  can  be  8U])plied.  As  we  pass  trom  the 
loropcraiura,  considcr-ition  of  plants  to  tliat  of  anim.ils^  we  discover  that  the 
production  of  heat  must  be  connected  with  the  power  and  precision  with 
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which  the  respiratory  appflratiis  works,  for  it  is  through  itis  agency  that  air 
ia  introduced,  ExtCJisive  observation  accordingly  eatahliehea  a  close  cor- 
Tespoiidence  in  each  animal  tribe  hcUveen  tJic  quantity  of  heat  produced  and 
the  capaLility  of  respiratory-  apparatus.  The  lower  tribes  breathe  slow- 
ly and  are  cold.  liarthworms  are  only  a  degree  or  two  warmer  than  tbe 
ground ;  and  even  among  vertebrates,  fiahes  are  only  two  or  tlirce  degrees 
warmer  tlian  the  water,  a  lowness  of  temperature  in  a  great  measure  de- 
pending on  the  high  cooling  agencies  which  that  liquid  ex-  ronncctlisH  r 
erts,  its  specific  heat,  and  the  tacility  with  which  currents  are  rrapiratiquflm^ 
established  in  it.  However,  even  in  these  cases  the  produc-  ** 
tion  of  heat  depends  on  the  power  of  the  respiratory  engine*  The  bonito 
can  keep  its  heat  20^  above  that  of  the  sea,  and  the  narwhal  maintains 
a  steady  temperature  at  d&°. 

The  organic  operations  involved  in  mitrition,  and  also  t]ie  retrograde 
changes  of  decay,,  can  only  go  on  at  their  accustomed  rates  so  invarkbiliiv 
long  as  standard  limits  of  tempcratuTc  arc  observed.     The  orfJKn'Hcnc- 
proper  progress  of  the  actions  ot  lite  implies  a  correspondmg  dofiniti-  tpm- 
adjustment  of  heat,  and  this  irrespective  of  the  mere  size  of  I'^'^'tf'-'- 
the  animal.     Even  those  tiiat  are  microscopic  must  come  under  this  rule. 
When  the  tennjeraturc  of  a  liquid  eontauiing  infusorials  ig  caused  to  de- 
scend to  the  freezing  point  gi-adually,  the  last  portions  which  solidlfv  are 
those  which  Burround  each  of  these  little  forma ;  a  drop  is  kept  liquid  bv 
the  heat  they  disengage.     In  the  same  individual,  tlie  absolute  tempera- 
ture will  depend  on  ita  respiratory  condition;  thus  insects,  in  passing 
through  each  of  their  stages  of  metamorphosis,  jjresent  a  dctinite  condi- 
tion a3  to  their  heat:  the  lar\'a  of  the  bee  may  be  OTiIy  two  degree?*  above 
the  air,  while  the  perfect  insect  is  10*^.     Whatever  accelerates  the  in- 
troduction and  expulsion  of  the  air,  increases  the  wannth ;  ^'aniiiione  uf 
80  a  bee  shaken  in  a  bottle,  and  kept  in  &  state  of  constant  Jt^uinsofcoMdi- 
muscular  exertion,  will  raise  the  temperature  contained  there-  li^m. 
in  far  higher  than  if  he  remains  inactive.      Among  insects,  those  having 
the  largest  organs  of  respiration  have  always  the  highest  temperature; 
and,  since  muscular  motion  implies  destruction  of  muscular  tissue  by  ox- 
idation, and  therefore  development  of  heat,  we  should  expect  to  iindt  as 
ia  actually  the  case,  that  animals  possessing  the  highest  powers  of  loco- 
motion will  possess  also  the  highest  temperature.    Of  all,  therefore,  birds, 
the  endurance  and  energy  of  whose  powers  of  flight  result  from  the  per- 
fection of  tbcir  respiratory-  mechanism,  haie  the  Iiighcst  temperature*     It 
ifl  about  110*^.     Yet  even  here  there  are  diflcrences:  the  sluggish  barn- 
door fowd  has  not  the  lieat  of  the  energetic  swallow. 

The  standard  temperature  of  man  is  usually  stated  to  be  98°,  but  from 
this  mean  it  ranges  withhi  certain  Ihnits. upward  and  down.  T«nipera(tin! 
Much  dependa  on  the  state  of  the  health;  of  course,  ever)'  thing  "f"'"". 
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on  the  reapiration*  In  fevers  it  will  rise  to  105° ;  in  tetantis  it  may  reach 
110°;  the  contraiy  in  asthma,  when  it  may  sink  to  82'^,  owing  to  ijnpei- 
fect  access  of  air;  in  cyanosis  lo  77°,  owing  to  imperfect  aeration  of  the 
Itlood ;  in  Asiatic  cholera  to  75°,  owing  to  the  non-reception  of  oxygen  by 
the  cells  in  their  diseased  stale.  It  also  varies  witli  the  period  of  life : 
in  the  new-born  infant  it  is  100° ;  it  presently  aink&  to  99°,  and  rises 
during  childhood  to  102°',  Jlental  cxereise  in  the  adult  increasea  it, 
bodily  exertion  still  more.  The  special  degree  varies  with  the  point  on 
which  the  observation  is  made :  the  limbs  are  colder  than  the  trunk,  and 
this  is  the  more  marked  as  the  point  is  more  remote.  On  the  leg  the 
temperature  may  be  i)^^  ;  on  the  sole  of  tlie  foot,  W  ;  while  that  of  the 
viscera  is  101°. 

In  his  residence  in  different  climgtes,  man  is  exposed  to  variations  of 
lieaistance  of  teiuperature  which  extend  over  a.  scale  of  200°.  Toward 
the  hmnauor-  (1,^  „fy\^  tj,g  coM  of  Winter  is  often  —60°;  in  the  tropica 

f^nism  to  ex-     ,  ^  ^  ,  .    ,  ,  .  j> 

iremes  of  tern-  the  heat  of  summcr  -(-130^.  lior  a  short  period  Ins  power  of 
pemture.  resistance  is  greatly  beyond  what  these  numijera  would  in- 

dicate; he  can  enter  with  impunity  an  oven  heated  to  600°,  provided  the 
air  is  dry.  In  those  ea.sea»  though  excessive  evaporation  from  the  skin 
moderates  the  effect  and  keepa  it  within  bounds,  there  is  always  a  mark- 
ed riise  of  temperature  of  the  whole  body.  In  a  corresponding  manner, 
exposure  to  cold  produces  depression,  as  shown  in  Dr.  Davy's  observa- 
tions. AtOa^^  of  the  air,  a  thermometer  under  the  tongue  stood  at  100^^: 
at  73-^  it  stood  at  99^  ;  at  60^  it  stood  at  97  i*^. 

Among  these  variations  there  is  one  class  which  calls  for  critical  at- 
n-  _  1  -  tcntion.  It  is  the  diurnal  variation ;  less  marked  in  man, 
[lon  ill  thi'  h^t  who  instinctively  makes  provision  against  it,  but  well  shown 
**  ""^°"  in  the  case  of  fasting  animals.     This  illustratea,  in  an  inter- 

esting manner,  tJie  controlling  influence  of  external  conditions ;  for  if  cs- 
posiue  to  &  high  temperature,  as  that  of  an  oven,  coinpela  a  rise  of  the 
heat  of  the  whole  body,  in  spite  of  tlic  conservative  arrangement.'!,  and 
exposure  to  extreme  cold  compels  a  descent,  we  ought  to  expect  tliat  ex- 
posure to  more  moderate  degrees  would,  in  like  manner,  produce  an  im- 
pression. 

The  old  astrologers  were  tJicrefore  not  altogether  wrong  when  they  af- 
firmed the  doctrine  of  planetary  influences.  The  diurnal  temperatures 
of  a  locality,  as  dependent  on  the  position  of  the  sun,  are  expressed  in 
the  system  of  man.  The  minimum  of  heat  for  the  night,  and  the  max- 
imum for  the  day,  find  a  correspondence  in  the  decline  of  animal  temper- 
ature at  the  former,  and  its  rise  at  the  latter  penod.  The  experiments 
of  llr.  Chossat  on  birds  submitted  to  absolute  starvation  showed  that, 
though  in  their  normal  state,  at  the  commencement,  the  variation  between 
midnight  and  noon  was  only  1^*^,  it  gradually  increased  to  6°,  until  at 
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last,  the  generation  of  heat  wholly  ceaaing,  the  temperature  gave  way 
rapidly  just  previous  to  death. 

If,  therefore,  it  waa  possible  for  life  to  contimic  without  the  evolution 
of  animal  heat,  it  would  he  with  the  Iwdy  aa  it  is  with  the  stem  of  &  tree. 
It  would  follow  the  tUermometric  variations  In  the  air,  the  maxima  of 
heat  and  cold  being  somewhat  later  than  the  aerial  ones,  and  within  nar- 
rower liraita,  by  reason,  of  the  low  conducting  power.  The  nearest  ap- 
proach to  this  is  in  cases  of  absolute  atarvationi,  and  though  in  man,  the 
effect  13  masked  by  the  due  taking  of  foodt  it  none  the  less  exists.  In 
human  comiuunitiea  tliere  is  some  reason  beyond  mere  ens-  inftuenco  of 
torn  which  has  led  to  the  mode  of  distributing  the  daily  ["'"^jb^tJ^";,': 
meals.  A  savage  may  dispatch  his  gluttonous  repast,  and  ature. 
then  starve  for  want  of  food ;  but  the  more  delicate  constitution  of  the 
civilized  man  demands  a  perfect  adjustment  of  the  supply  to  the  wants 
of  the  system,  and  that  not  only  as  resjrects  the  kind,  but  also  the  time. 
It  seema  to  be  against  our  instinct  to  commence  the  morning  with  a 
heavy  meal.  We  break  fast,  as  it  is  significantly  termed,  but  we  do 
no  more,  postponing  the  taking  of  the  chief  supply  until  dinner,  at  the 
middle  or  after  part  of  tlie  day.  If  men  were  only  guided  by  views  of 
economy  of  time  saved  for  the  pursuits  of  business,  or  if,  oyi  this  occasion, 
they  put  in  practice  the  rule  they  observe  on  so  many  others,  of  never 
postponing  the  gratitication  of  their  desires,  the  first  affair  of  the  morn- 
ing would  have  been  an  abundant  repast.  But  against  tins  something 
within  us  revolts,  and  that  in  all  classes,  the  laboring,  the  intellectual, 
the  idle.  I  think  there  are  many  reasons  for  supposing,  when  we  recall 
the  time  which  must  elapse  between  the  taking  of  food  and  the  comple- 
tion of  respiratory  digestion,  that  this  distribution  of  meals  is  not  so 
much  a  matter  of  custom  as  an  instinctive  preparation  for  the  systemic 
rise  and  fall  of  temperature  attending  on  the  maxima  and  minima  of  daily 
heat.  The  light  breakfast  has  a  preparatory  reference  to  noonday,  tiie 
aohd  dinner  to  midnight. 

Once  more  I  would  remark,  that  we  must  not  be  deceived  by  the 
masked  aspect  which  the  system  in  this  matter  presents,  connection  of 
Its  diurnal  variations  are   concealed  by  agencies  brought  ^'iriatiana  uf 

....  .        y.        1  11  ■        •      beat  with  or. 

apecudly  mto  operation  lor  tJiat  purpose,  but  tliey  exist  in  ganiL-  periGdi- 
the  physical  necesaitLcs  of  the  case;  and  herein,  I  believp,  "tiea. 
we  have  a  first  glimpse  of  the  cause  of  those  periodicities,  which  physi- 
cians from  the  earliest  times  have  remarked ;  for,  though  the  nervous 
system,  both  in  a  state  of  health  and  disease^  may  seera  to  be  tlieir  ori- 
gin, it  is  not  impossible  that  its  changes  are  connected  with  variations 
thus  taking  place  in  the  external  world. 

We  have  next  to  consider  the  effect  of  the  annual  varia-  j^nnnal  varia- 
tiona  of  temperature,  which  reach  their  maximum  aoon  after  tio>«ofln^«t. 
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mid-summer  and  their  nunijntuu  soon,  after  mid-nrintcr,  tlic  manner  in 
which,  the  system  comports  itself  under  them,  and  the  means  \vhicli  in- 
stinct and  exjjerience  tcacli  iia  to  employ  in  providin*  against  theia. 

The  taUles  of  mortality  show  that  there  ia  a  losa  of  life  at  tlic  annnal 
.._  ,„f„„„  maximum  and  minimum  of  temperature  wliicli  greatly  ex- 
a.\  variaiione  ceeds  the  average  of  any  other  period.  Iji  England  and  Bd- 
m  man,  gium,  where  tlie  mean  tem|>crature  of  the  Bununer  months  ib 

nnoderate,  this  is  not  so  strikingly  maiked  for  those  months,  and  the  chief 
loss  falls  upon  the  winter ;  but  in  New  ^  ork,  which  haa  a  summer  cor- 
responding to  that  of  the  flouth  of  Europe  and  a  winter  like  that  of  the 
north,  tlie  effect  of  these  extremes  Ijccomes  so  obvious  aa  even  to  be 
popularly  connected  with  the  jiosition  of  the  thermometer  above  or  Itelow 
ftrp.  Among  infants  and  the  aged,  w]iose  controlling  powers  over  tem- 
|>erature  ate  iiriperfect^  these  effects  are  most  distinctly  witnessed;  but 
among  healthy  adults*,  and  even  in  Euro[>e,  we  can  detect  them  on  crit- 
ical examination,  'J'hus,  in  Bruagcla*  the  monthly  mortality  for  January 
being  taken  as  105,  that  for  July  ia  91,  for  August  9(3,  and  for  October 
913 ;  and  it  is  to  be  recollected  that  these  are  the  residual  traces  of  the 
operation  of  cold  and  Iieat  after  all  the  precautions  have  been  used  to 
ward  them  off.  I  might  make  here  the  same  remark  that  was  made 
wlien  considering  dhirnal  variations,  that  the  true  eflect  is  no  masked  and 
concealed  that  we  are  liable  to  undervnltie  it,  and  do  not  properly  appre- 
ciate this  tax  put  npon  the  s^'stcm. 

These  annnal  variations  of  external  temperature  arc  chiefly  combated 
Contml  over  by  food,  clothing,  and  shelter.  The  dietetic  changes  we  make 
nnnMl  varta-  bctwccn  wiutCT  and  sumuier  arc  founded  upon  the  principle 
dothing,  shvU  of  ufiing  morc  combustible  food  for  tlie  former,  and  lerts  com- 
^"'^  bustible  for  the  latter  season ;  and,  since  the  calorific  ef- 

fect of  an  article  of  food  greatly  depends  on  the  quantity  of  oxidizablc 
liydrogen  it  contains,  the  winter  diet  has  more  of  that  clement  than  the 
summer.  Partly  thus  by  varying  the  nature,  and  partly  by  varying  tlu' 
quantity  of  the  food,  we  can  etfect  a  compensation  to  a  certain  extent. 

Of  the  manner  in  which  the  diet-compensation  is  aided  by  variations 
in  clothing  Httle  needs  to  be  said.  The  experiments  of  Coitnt  Rumford 
established  the  fact  that  the  condnctibility  of  summer  clothing  is  greater 
than  that  of  winter^  and  therefore  its  resistance  to  the  cstape  of  heat  is 
less.  It  ia  sufficient  merely  to  allude  to  the  control  which  is  gained  by 
difference  of  thickness  in  the  garments,  and  by  their  amount  or  quan- 
tity. We  instinctively  make  these  adjustments  to  meet  the  cisisting  ex- 
igencies, and,  as  far  as  may  be,  in  this  manner  aim  at  a  medium  effect. 

The  check  upon  external  tcmirerature  by  the  use  of  clothing  was  doubt- 
Ic-ss  one  of  tlie  Hrst  contrivances  of  the  human  race.  Even  of  savage  life 
it  is  a  cardinal  fpntnrp.     The  check  by  adjustment  of  diet  belongs  to  a 
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civilized  etatc,  since  it  implies  a  certain  control  over  the  animal  appetite 
and  personal  self-denial.  Thongh  great  improvements  in  both  of  tkese 
will  doubtle3.i  hereafter  be  made,  when  the  principles  of  their  oi>eration 
arc  more  generally  and  bettor  underatood,  tliey  must,  even  in  their  pres- 
ent condition,  be  regarded  aa  ha\'ing  reached  a  higher  perfection  than  the 
check  hy  resorting  to  shelter*  The  art  of  constructing  dwelUng-hoiisea 
may  be  said  to  be  yet  in  its  infancy  in  sill  iiarts  of  the  world,   _  , ,. 

■'  ...  Existinjj  inl- 

and yet  in  no  particular  ia  tlie  phyak-al  condition  of  females  p^^rfi^ctious  of 

and  children,  and  especially  of  the  eick,  more  nearly  touched.  *  ^  ''"^" 
It  is  only  within  our  own  times  that  attention  haa  been  drawn  to  the 
proper  methods  for  the  admission  of  warmth,  and  air,  and  light ;  the  hy- 
gienic inflnences  of  furniture  and  decoration  arc  unknown,  beyond,  per- 
liaps,  a  popular  impression  that  it  ia  imliealthy  to  be  in  a  recently-paint- 
ed apartment,  inexpedient  to  sleep  in  a  chamber  where  there  are  flowers, 
and  nnplcaaant  in  summer  to  have  a  carpet  on  the  floor,  because  it  looks 
warm,  and  is  thought  to  generate  dust.  The  owner  of  a  palace,  on  which 
wealth  has  I)een  fi-uitlessly  lavished,  finds,  on  a  cold  day,  that  he  can 
not  obtain  from  his  parlor  fire  the  necessary  warmth  unless  by  alternate- 
ly turning  round  and  round.  The  testy  valcludinarian  aits  in  hi.^  easy- 
chair,  tormented  by  drafts  coming  in  from  everj-  quarter.  In  hia  vain 
attempts  to  stop  the  oftending  crevices,  it  never  occurs  to  him  that  his 
chimney  is  a  great  exhausting  machine,  wliicli  is  drawing  the  air  out  of 
the  room,  and  that  his  means  of  warming  and  ventilation  arc  the  most 
raiacTable  that  coald  Ije  resorted  to,  Kince  radiation  can  warm  only  one 
side  of  a  thing  at  a  time,  and  fresh  air  under  those  conditions  can  only 
be  introduced  by  drafts. 

To  warm  rooms  by  contrivances  such  as  the  open  fire-place  or  stove 
la  obviously  un philosophical,  since  the  effect  of  these  is  to  ex-  ofariiiidai 
haust  the  air  of  the  apartment.  The  modem  method  of  warm-  ■«'»™tli. 
Lag  by  furnaces,  which  act  by  throwing  air  duly  moistened  and  of  the 
right  temperature  into  the  rooms,  and  tlicrcfore  by  condensation,  ia  clear- 
ly a  better  system,  eince  it  not  only  pnta  an  end  to  all  drafts,  the 
tendency  being  to  force  air  out  through  every  crevice  instead  of  drawing 
it  in,  but  it  possesses  tlie  inappreciable  advantages  of  giving  unifonnity 
of  warmth,  a  perfect  control  over  the  degree  of  heat,  and  likewise  over  the 
tiature  of  the  air,  which  need  not  be  drawn  from  the  cellar,  or  the  con- 
taminated impurity  of  the  street,  but  by  suitable  flues  irom  the  free  and 
clear  air  above.  Ventilating  contrivances  which  can  cheaply  and  et^ectii- 
ally  force  a  supply  of  artificially  cooled  air  in  the  summer,  and  warm  air 
in  the  winter,  into  dwelling-houses,  are  still  a  great  desideratum. 

By  the  aid  of  diet,  clothing,  and  shelter,  we  are  able  to  effect  an  almost 
complete  compensation  for  the  changes  of  diurnal  and  annual  temper- 
atureB,  and  even  to  occupy  any  climate  of  the  globe.     It  is  the  manage- 
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ment  of  caloric  which  raafces  Tnan  what  lie  is,  and  constitutes  Ms  special 
prerogative  ;  liis  degree  of  skill  tlierein  is  the  ineaaure  of  his  civilization. 
The  distribution  of  plants  and  animals,  or,  rather,  tlieir  limitation  within 
fixed  boundaries,  depends  on  the  distribution  of  heat,  but  from  these  re- 
straints man  ia  free,  because  he  can  control  temperatures. 

From  these  considerations  of  the  effect  of  external  heat  on  the  human 
mechanism,  we  return  to  a  more  critical  examination  of  the  modes  by 
wliicli  heat  ia  generated,  and  ita  degree  regulated  in  the  bodj. 

In  every  instance  we  assert  that  the  production  of  animal  heat  ia  due 
SftiiTco  of  ani-  to  oxidattou  taking  place  in  the  economy^  and  giving  rise  to 
iuaI  biiai,  carbonic  acid,  water,  and  other  collateral  products.  It  is  not 
necessary  to  attach  any  wci]Lcht  to  the  experiments  of  Dulong,  wiiich  seem- 
ed to  ijidicate  tliat  not  more  tlian  four  fifths  of  the  heat  actually  pro- 
duced could  be  owing  to  the  oxidation  of  carhon,  nor  to  those  of  a  like 
kind  of  Despretz.  The  method  they  resorted  to  for  the  measurement  of 
the  disengaged  heat  was  0|jcn  to  en-or:  the  iiumljers  they  employed  as 
representing  the  combustion  heats  were  ineorrcet ;  nor  did  they  make  any 
allowance  for  other  substances,  such  as  sulphur  and  phospiiorus,  whidi 
ere  simultaneously  oxidizing,  and  the  products  of  their  combustion  escap- 
ing by  the  kidneys. 

Reduced  to  its  ultimate  conditions,  the  evolution  of  animal  heat  de- 
ntK-'ct  or  more  pends  on  the  reaction  taking  place  between  the  air  iiUro- 
aHiHcnf  M^'ni-  '^^^^^^  ^J  resplratloii  and  tiic  food,  and  ai^  either  one  or  otlier 
cohoi,  of  these  is  touched,  the  result  may  Ijc  predicted.     If,  for  ex- 

ample, into  the  digestive  canal  alcoholic  preparations  be  introduced,  they 
are  absorbed,  by  reason  of  their  bquid  coniblion  and  diffusibility,  with 
readiness.  The  combustibility  of  alcohol,  and  the  amount  of  !ieat  it 
yields,  are  so  great,  that  the  primary  effect  of  the  oxidation  which  ensues 
is  a  warmth  or  feverish  sensation.  By  reason  of  the  changes  which  arc 
now  takitig  place  so  actively  in  it,  the  blood  circulates  with  uiiwoiitcd 
rapidity,  and  the  supply  to  the  brain  increasing,  that  organ  exhibits  an 
unusual  functional  activity.  But  this  display  of  intellection  is  only  tem- 
porary, and  an  opposite  condition  feoon  comes  on,  tor,  more  carbonic  acid 
accumulating  in  the  blood  than  the  lungs  can  get  rid  of,  the  depressing 
effects  of  that  body  commence,  and  eventually  the  symptoms  of  poison- 
ing by  it  ensue. 

Not  unlike  this  is  the  train  of  eifects  wiiich  arise  when,  instead  of  va- 
Effect  of  a  more  ryiug  the  nature  of  the  article  ingested,  we  vary  that  of  the 
bnr[fr  of  ^ft^-  S^^  TespiTed.  An  enet^etic  supporter  of  combustion,  hkc  the 
wifonthiinair,  protoxide  of  nitrogen,  gives  rise  to  a  feverish  glow,  cerebral 
activity,  to  be  followed  eventually  by  a  deep  depression,  the  poisonoua 
influence  of  the  carbonic  acid  produced  being  exhibited.  ^Vi'ter  a  while 
tlie  fly&tem  caats  it  off,  and  recovers  its  condition  of  health  completely. 
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If  there  be  an  abstinence  from  food,  since  the  introduction  of  air  by 
respiration  goea  on  without  abatement,  the  body  itself  must  ^  ^,  ^. 
Tandergo  oxidation,  lose  weight,  and  emaciation  occm-.     Its  inaal  dioa  of 
tendency  to  follow  the  diurnal  vamtions  of  t«>m[icTatiire  be-  ™  " 
come  more  and  more  Btrikiiigly  marked  as  the  process  of  etarvation  goes 
on,  and  finally  a  rapid  and  nnchecked  decline  of  the  heat  ensues.     Tet 
even  then  life  may  be  preser^-ed  by  the  application  of  Bufficient  external 
warrath,  and  fi'ora  an  cxtreine  condition  of  attenuation  an  animal  may  be 
rescued  by  the  use  of  food ;  but  for  such  a  recovery  the  external  warmth 
must  be  continued  until  there  has  been  time  Ibr  digestion  and  absorption 
to  take  place.     If*  however,  Buch  an  extraneous  aid  be  not  duly  applied, 
the  temperature  of  the  starving  animal  goes  on  diminishing,  and  he  dies 
of  cold. 

The  doctrine  we  are  here  inculcating,  that  animal  heat  is  due  to  oxida- 
tion  in  tlie  system,  is  sldl  further  strikingly  illustrated  by  ^^^  ^ 
what  might  Ije  termed  starving  the  respiration.  Aa  cold  is  BpiritigrafKiicJ 
felt  tironi  want  of  food,  so  also  it  is  from  want  of  air.  In  as-  *""■ 
cending  high  mountains,  the  effect  upon  tlie  system  iiaa  been  graphically 
expressed  as  "a  cold  to  the  marrow  of  the  bones  ;"  a  difficulty  of  ntaking 
muscular  exertion  is  experienced ;  the  strongest  man  can  scarcely  take  a 
few  &tcp3  without  resting;  the  ojierations  of  the  brain  are  interfered  wit]i ; 
there  ia  a  propensity  to  sleep.  The  explanation  of  all  this  is  very  clear. 
In  the  accustomed  volume  of  air  received  at  each  inspiration,  there  is  a 
less  quantity  of  oxygen,  in  proportion  as  the  altitude  gained  is  higher. 
Fires  can  scarce  be  made  to  bu.ni  on  such  mountain-tops ;  the  air  is  too 
thin  and  rare  to  support  them ;  and  so  those  combustions,  which  .should 
go  on  at  a  measured  rate  in  the  interior  of  the  body,  are  greatly  re- 
duced in  intensity,  and  hence  the  sense  of  a  penetrating  cold.  Such 
journeys,  moreover,  ilJustrate  how  completely  the  action  of  the  muscular 
system,  and  also  of  the  brain,  is  dependent  on  the  introduction  of  air;, 
and  under  the  opposite  condition  of  things,  where  men  descend  in  diving- 
bells,  though  flurroursded  by  the  chilly  influences  of  the  water,  they  us- 
perience  no  corresponding  sensation  of  cold,  because  they  are  breathing  a 
compressed  and  condensed  atmosphere. 

The  respiratory-  apparatus  of  certain  animals  permits  a  reduction  in  the 
amount  of  air  introduced  under  exposure  to  a  due  degree  of  „. 
cold*      Such  anim:us  are  said  to  hybemate.      At  tlie  com-  hviiemaiiiig 
ing  on  of  printer  their  adipose  tissues  are  engorged  with  fat.  ^°^'"'''*- 
As  they  paas  into  their  annual  sleep,  the  rate  of  their  respiration  falls. 
The  marmot,  wliich  in  acti\it}'  will  make  140  respirations  in  a  minute, 
makes  now  but  3  or  4 ;  the  temperature  of  the  body  descends,  and  combus- 
tion of  the  store  of  fat  goes  on  more  slowly.     Yet  it  does  go  on,  for,  toward 
Spring,  the  animal  has  become  very  lean  ;  sufiicient  heat  is  disengaged  to 
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permit  the  blood  slowly  to  circulatQ,  and  so  barely  to  keep  up  the  tuni_'- 
liona  of  life.  If,  however,  tbo  stock  of  material  available  for  Minbustioa 
is  iiisufiicient,  the  animal  diea. 

Altliougb  wc  can  not  interfere  witli  tlie  rate  of  lespu-ation,  we  can 
ReducUon  *>f  aflect  tlie  quantity  of  air  introduced  into  tbe  system  Ly  arti- 
teiuponiiurcby  ^icial  mcans,  as  in  the  oppration  of  blood-lcttinEr :  for  thouech, 
and  in  raurtid  after  blood  iias  occn  drawn,  we  may  make  the  iionnal  num- 
siMes.  i^j.  qC  respirations,  17   iu  a  minute^  aud  for  cacli  introduce 

17  cubic  inchea  of  air,  we  have  diminiBlied  the  numbGr  of  discs,  wluch 
are  the  carriers  of  oxygen ;  and.  as  the  experience  of  pliysiciana  in  all 
times  has  shown,  tliore  is  no  method  so  effectual  in  reducing  any  unusual 
Or  febrile  temperature.  So,  in  like  manner,  in  Asiatic  cholera,  the  marble 
coldness  which  the  body  presents  is  attributable  to  the  loss  of  funetion 
of  the  diacs,  and  the  conseq^uent  abatement  in  the  quantity  of  oxygen  in- 
troduced. 

Thus  far  wc  have  considered  the  nieima  whicli  the  animal  mechanism 
„  .     .  posseases  for  raising  ita  o^vn  temperature  ;  it  remains  to  show 

r^ditdn;;  tfac  how  it  can  also  regulate  it.  For  any  thing  that  hoa  thus  fat 
tcrii[ieFaUn!,  i^^gn  Baid  to  the  contrary',  the  combustions  or  oxidations 
which  ore  contiuually  going  forward  should  cstabHsh  a  constant  rise,  and 
tliere  must  therefore  be  some  principle;  of  restraining  such  a  rise  witlun 
due  bounds.  Conaidcring  also  the  incessant  vicissitudes  of  atinosjdieric 
temperature,  a  constant  degree  could  not  be  maintained  unless  the  sys- 
tem possessed  the  means  of  depressing  as  well  as  elevating  its  heat. 

That  tlie  means  of  regnlati]ig  the  heat  are  purely  physical,  we  should 
KffiKct  of  mf-  expect  for  many  very  obvious  reasons.  Economy  of  heat  is 
"dec w e^  nd'uct-  ^<J*^'^™ld'-''hed  by  non-condueticig  material.  On  this  princi- 
ibiiity.  pic,  liair,  wool,  and  fcathcra  act  by  cxLluding  the  contact  of 

the  atmosphere,  their  low  conductibiHty  being  brought  into  ojieration. 
In  many  eases,  the  manner  in  which  this  is  done  is  clearly  intentional. 
Thus  the  down  wliich  is  placed  on  the  breast  of  a  water-fowl  is  to  sereeu 
off  the  chilling  intluencc  of  the  water,  whicli  is  tlicre  chiefly  felt  as  the 
bird  swims  on  the  surface.  The  deposits  of  fat  in  whales,  their  blubberj 
at  once  aAbrde  a  protection  through  its  imperfect  conductibility,  and  ia 
also  a  store  of  combustible  material  for  the  purpose  of  respiration. 

The  chief  cooling  agencies  in  animals  are,  1st,  lladiation ;  2d.  Loaa 
GoDer*!  cool-  ^^  ^'^^'^  by  warming  the  expired  air ;  3d.  Loss  by  contact  of 
1114;  ugcniics.  t^[jg  (.q\^  external  air;  4tlK  Evaporation.  The  circulalion  of 
the  blood  tends  to  establish  an  interior  equalization}  ao  that  local  ^aria- 
tiona  are  soon  obliterated ;  for,  througli  whatever  part  the  blood  may  flow, 
it  attai]is  the  tcnqieraturc  thereof,  and,  passing  in  succesaion  from  part  to 
part,  equalizes  the  heat  of  all. 

It  would  be  useless  to  offer  any  proof  that  a  hving  being,  like  an  in- 
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oreanic  inafla,  loses  or  gains  heat,  as  tlie  case  njay  te,  by  radi- 

j.-  a-  1  ■  *i       ^  i.  •  11       Of  radifitioii. 

ation.      hiiice,  liowevcr,  in  man,  the  temperature'  is  usually 

highei'  tliaii  tJiat  of  the  mirroaiifling  mcrlium,  the  result  of  thifj  action  is 
th.at  cooling'  takes  place.  With  regard  to  loss  of  heat  by  warmmg  the 
expired  air,  it  may  he  obaen-ed  that,  whatever  the  temperature  of  the  ex- 
ternal air  may  be,  it  is  raised  to  that  nf  the  hirJ^s  atU*r  it  has  been  brought 
into  the  respiratory  jiussages.  This  cunatitutcs,  therefore,  a  cooling 
agency  of  variable  power,  for  the  loea  -will  be  greater  as  the  external  beat 
is  lower:  if  ihe  atmospheric  temperature  rose  to  98^,  loss  in  this  manner 
would  eease.  Eecalling  what  has  been  said  respecting  the  mode  in  ivbich 
air  is  introduced,  it  is  plain  that  this  loaa  will  chiefly  fall  iipatcivcn  to 
upon  the  nai^al  pa.«?ages,  the  trachea,  and  larger  ramiticationa  tSiecxpiwdair. 
of  the  bronchial  tubts  ;  for,  by  the  time  the  volume  inspired  haa  made  its 
way  beyond  that  limit,  its  temperature  must  be  nearly  that  of  the  body. 
The  contact  of  the  cold  surrounding  air,  and  more  particular-  contaet  of  tic 
ly  of  ctirrcnta  which  mav  be  occurring  in  it,  act  cbictilv  iipon  surrounding 
the  skin,  and  it  ia  in  preventing  this  loss  that  clothing  be- 
comes ao  of^eicnt.  The  difference  we  ko  frequently  notice  between  the 
indications  of  the  thermometer  and  our  own  sensations  are,  for  the  moat 
part,  dependent  on  these  currents.  A  temperature  of  -OO'-'  below  zero  can 
1«  sustaijied  withoitt  njuch  inconvenience  if  the  air  is  perfectly  calm, 
but  not  so  if  there  is  any  wind.  l!)i'tiU  the  cooling  agencies,  evaporation 
jfl,  however,  by  I'ar  the  most  energetic.  From  the  skin  and  ...  ,. 
the  air  cavities^  large  quantities  of  the  vapor  of  water  are  ex-  cvaporaiion  t-f 
Iialed.  As  the  external  heat  rises,  the  sudoriparous  tubes  act  '■'^'"'''■ 
with  incroa-sed  cnergj-,  and  pour  out  their  excretion  as  drops  of  sweat 
taatcr  tluin  it  can  be  removed.  Their  length  has  been  estimated  at  28 
miles.  Since,  at  the  tcntperature  of  the  body,  the  heat  of  elasticity  of  the 
vapor  of  water  is  1114'^,  tliis  continued  vaporization  from  the  skin  and 
tungs  ia  one  of  the  most  powerful  sources  of  refrigeration. 

It  may  be  well  to  direct  a  closer  attention  to  the  special  action  of  the 
uir  passages  and  skin  as  concerned  in  these  cooling  process-  ,.   .  ^...  , , 
ca.     The  diurnal  loss  of  water,  by  both,  organs  conjointly,  is  ihe  aeiiun  of 
iLSually  estimated  at  3^  lbs.,  of  winch  the  pulmonary  cxha-  '^''"°  '"" 
lation  constitutes  aljout  one  third,  and  the  cutaneous  about  two  thirds. 
The  akin  act.s  in  a  variable  manner,  losing  more  or  leas  water  aa  the  ex- 
ternal air  is  drj-er  or  more  damp.     The  removal  of  water  therefoTC  be- 
comes a  complex  operation,  In  wliich  tjircc  ditl'erent  organs  arc  concerned 
— ^the  skin,  the  lungs,  and  the  kidneys.     Of  tha«e,  the  akin  acts  meteoro- 
logically and  variably,  as  has  iw?en  juf*t  remarked,  and  the  respiratory  or- 
gans for  the  most  part  uniformly.     But  since  it  is  requisite,  in  the  nor- 
loal  o^)erations  of  the  system,  tliat  the  diurnal  average  of  water  should  be 
removed,  the  variable  action  of  the  skin  throws  a  variable  action  upon 
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„     .  the  kidneys,  for  the  excess  that  the  skin  can  not  evaporate 

tioi!  ofthi-^IiiJ-  must  be  strained  off  by  these  organs.      In  this  reg&id  the 

°"^*'  kidneys  act,  therefore,  vicariously  for  tlie  skin;  and  in  hot 

weather,  when  the  cutaneous  losses  arc  great,  but  Uttlc  urine  is  discharged  i 

but  in  cold  weather,  when  tho  cutaneous  losa  is  diminished,  the  quantity' 

of  the  urine  ia  increased.    • 

I  think,  however,  that  as  regards  the  respiratory  organs,  a  distinction 

_  .     .     sliould  be  made  in  tlicir  mode  of  action.      In  realitv,  they 

Evafiorationiu  -'  ■' 

ihc  airpns-       Operate  in  a  double  way.     1st.  They  act,  so  far  as  the  nasal 

^^'^-  passages,  the  trachea,  and  larger  ramifications  of  the  bron- 

chial tubes  are  concerned,  meteorologically,  and  therefore  variably,  for 
the  introduced  air  possesses  the  existing  atniosjdieric  temperature;  ia  at 
one  time  warm,  and  at  another  cold  ;  yet,  since  it  always  leaves  these 
passages  at  94"^,  it  removes  from  their  surtaces  sometinnes  less  and  some- 
times more  heat ;  but  it  is  not  so  with  the  action  going  on  in  the  air- 
cells^  the  temperaturo  of  which,  and  of  the  air  tliey  contain,  is  always 
uniform  ;  and  as  water  vaporizes  into  thum,  it  must  always  do  it  at  a  urn- 
form  rate,  and  remove  as  its  caloric  of  elasticity  a  uniform  amount  of 
lieat.  I  therefore  decompose  the  losP  ol'  heat  by  the  respiratory  organs 
into  -hvo  portions  :  one,  which  is  constant,  and  taking  place  in  (he  cells  ; 
the  other,  variable,  occurring  in  the  large  air-ways,  and,  being  meteoro- 
logical, coincides  in  this  rGspect  with  the  eutaneous  loss*  In  consider- 
ing the  diseases  of  the  respiratory  organs,  it  is  well  to  keep  this  distinc- 
tion in  mind. 

The  establishment  of  the  equilibrium  of  tem|>erftture  in  an  animal  is 
Balance  b*-  eft'eeted  by  the  mutual  operation  of  the  heating  and  cooling 
iaKandcowj'inK  aiTangcments.  Moi*e  or  less  heat,  as  the  system  requires, 
arrangfiiiicTitB.  may  bc  furnished  by  promoting  or  retarding  the  oxidation 
of  rcspiratorj'  material;  and  pinec  a  living  being,  like  an  jnorganic  mass, 
is  suhject  to  ever)'  external  influence,  its  temperature  tending  to  rise  or 
fall  as  diurnal,  or  annual,  or  seasonal  changes  may  be,  these,  as  well  as 
Eliiniuaiion  of  '^3  c>wi  interior  variations,  arc  held  in  check  by  the  cooling 
local  variations  q-^  warming  powers  it  can  exert.      Local  difFerenccs  within 

bv  the  (Ifcula'    -        ,,,  1-      -  T    -  -     1-  1  -TT  fr-  i 

iionufihe  itscli  are  elinimated  m  an  indirect,  out  bUu  very  efieclual 
blood.  manner,  by  the  circulation  of  the  blood:  and,  cansidering 

the  range  of  variation  to  whieii  it  is  exposed,  and  the  frequency  of  the 
changes,  the  required  equilibrium  is  admirably  secured. 

I  have  reserved  for  a  more  special  and  protninent  consideration  the  in- 
ConirolofthB  fl"^^*^^  wMch  the  pervous  system  exerts  over  animal  heat, 
nervous  bv!-  fiince  it  is  upon  this  that  many  have  been  disposed  to  deny 
the  great  truth  that  the  heat  of  the  body  .irisea  from  oxida- 
tion- They  Bay  that  it  is  produced  by  the  nencs.  E^cn  a  mental  emo- 
tion gives  rise  to  disturbance  of  temperature,  and  the  face  may  be  cover- 
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ed  witii  blushes.  Moreover,  as  experiments  have  proved,  on  cutting  a 
nerve  the  temperature  of  the  parts  it  supplies  declines ;  on  injuring  the 
great  nerve  centres  the  temperature  oi'  the  whole  system  lowen?,  even 
though  artiricial  respiration  nmy  bo  kept  up.  In  cases  of  paraljeis,  the 
temperature  of  the  disabled  part  maj  be  very  much  lower  than  that  of 
the  80undL  A  paralyzed  arm  has  sliown  a  surface  heat  of  70°  only, 
while  the  sound  one  has  been  at  tl2°.  It  is  also  said  of  decapitated  ani- 
mals that  they  cool  i^uicker  when  artificial  respiration  is  kept  up  than 
when  they  are  let  alone. 

iVll  this  may  be  very  true,  yet  it  is  very  far  from  proving  that  the 
nerves  are  the  generators  of  animal  heat.  The  engineer  of  a  loeomotive 
can  regulate  the  speed  of  his  train  and  control  the  production  of  steam  by 
thro^ving  more  or  Ichs  fuel  on  the  fire.  Or  by  supplying  it  with  more  or  leas 
air;  but  does  any  one  impute  the  production  of  the  heat  to  him?  If 
an  accident  should  throw  him  off,  thereby  establishing  a  sort  of  atialogy 
between  his  tnacijine  and  the  decapitated  animals  we  liave  referred  to,  the 
stoppage  that  would  soon  t:nsuc,  and  tlic  dying  out  of  the  fire,  would  by 
no  means  prove  that  he  made  the  heat ! 

And  BO  with  the  nervous  system,  its  function  ia  not  a  generative,  but 
a  controlling  one.  It  determints  in  what  way  the  combustive  or  OJtidiz- 
ing  actions  shall  go  on,  but  that  ia  a  totally  difterent  affair  from  forming 
the  heat. 

Before  specifying  more  particularly  the  views  I  entertain  on  this  sub- 
ject, I  will  remark,  tliat  the  most  superficial  consideration  satisfies  us 
that  oxidation  in  the  system  goes  on  in  a  regidated  way-  Tliere  ia  not 
an  indiscriminate  attack  made  by  the  arterial  blood  on  whatever  i;^  next 
before  it,  but  those  particles  only  are  removed  which  the  needs  of  the 
system  require.  This  thert^fore  implies  some  overriding  or  superi]itend- 
ing  agency,  which  can  save  one  atom  from  destruction  and  suirender  an- 
other. The  portion  assaulted  may,  to  all  appearances,  be  identical  in 
physical  aspect  and  chemical  constitution  to  an  adjacent  one  that  is  pass- 
ed by.  There  seems  to  be  an  arrest  or  suspension  of  affinity  in  one  case, 
and  its  ready  aatisfaetton  in  the  other. 

There  are  some  well-known  facts  in  natural  philosophy  which  throw 
a  flood  of  light  on  this  obscurity.  If  a  piece  of  pure  zinc  riiyaU-ai  ami- 
be  placed  in  a  class  of  acidulated  water  beside  a  piece  of  t>glps  lo  [hiH 

,  ,1  control  or  the 

copper,  so  long  as  the  metala  are  kept  apart  no  action  wiiat-  tn/rvous  sva- 
ever  ensues ;  but  if  a  conducting  thread  is  laid  from  one  to  '■^™- 
the  other,  the  zinc  instantly  begins  to  oxidize,  clouds  of  hydrogen  gas 
bubbles  rise  from  the  cop|>er,  and  the  thread  becomes  at  once  red-hot  and 
magnetic.  On  lif^ting  the  communicating  thread  all  these  actions  cease ; 
on  restoring  it  they  instantly  recur.  We  think  we  explain  them  by  say- 
ing that  thoy  are  all  due  to  the  decomposition  of  water  by  the  zinc.     Bui 
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why  was  the  zinc  paasive  whrn  alone,  and  why  did  it  assume  thia  activ- 
ity when  merely  touched  by  another  metal?  Does  not  all  this  servo  to 
ahow  that  pubatances  may  be,  as  it  were,  in  a  qme.=sccnt  state,  and  on  the 
application  of  what  may  perhaps  seem  tlie  moi3t  insignificant  cause,  may 
suddenly  assume  activity,  and  forthwith  Balisty  their  clieraical  affinities  ? 
There  is  nothing  in  the  graduated  osidatiotts  going  on  in  the  system 
more  obscure  or  more  nnaccoimtable  tlian  tlie  phenomena  of  a  simple 
Voltaic  circle.     Their  eftects  arc  almost  parallel. 

All  elementary  subatanccs  appear  to  have  the  quality  of  assnming  active 
Aiiotropisin  of  and  passive  conditions.  Carbon,  moreover,  presents  many 
(wJiea.  intennediate  forms.      Aa  diamond  it  is  extremely  inconibus- 

tible,  and  is  set  on  fire  with  difficulty  even  in  oxygen  gas ;  as  lampblack 
it  will  kindle  spontaneously.  With  these  differences  in  its  relations  with 
oxygen,  it  also  exhibits  p-cat  variations  in  its  o])ticaI,  calorific,  mec]ian- 
ical,  and  other  properties.  These  transitions  of  state  may  be  induced  by 
various  causes,  especially  by  tiic  agency  of  what  arc  called  the  impon- 
derable prineiples,  as  by  rise  of  temperature,  and  exposure  to  the  sun- 
light. Tims,  in  the  case  of  clilorine,  I  have  shown  that,  though  it  re- 
fuses to  combine  with  liydrogon  so  long  as  it  is  in  tiie  dark,  an  exposure 
lo  indigo-colored  light  will  cause  it  to  uiutc  with  exjjlosive  energy  with 
that  substance  ;,  and  these  jieculiarities  arc  retained  by  bodies  when 
tliey  go  into  union  with  each  other.  TJius  there  arc  two  forms  of  phos- 
phorus, the  one  active  and  shining  in  the  dark,  and  therefore  readily  oxi- 
dhiable ;  the  other  passive,  not  shhiiiig  in  the  dark.,  andvrilh  therefore  a 
less  affinity  for  oxygen ;  and  these  severally  give  rise  to  two  vai-ieties 
of  phospliurcted  hydrogen,  which,  though  ]iaving  the  same  composition, 
yet  differ  in  this  respect,  that  the  one  containing  the  active  form  of  phos- 
phorus h  spontaneously  combustible  in  the  air,  but  the  otlier,  which  con- 
tains the  passive  form,  is  not  spontaneously  combustible.  Phosphorus 
ia  thrown  fironi  the  active  to  the  inactive  state  by  mere  exposure  to  the 
more  refrangible  rays  of  the  ann. 

The  pro[jerties  liere  spoken  of  have  been  designated  by  Berzelios  as 
Miotropiam  of  ^^'^^  allotropiym  of  bodies.  I  have  endeavored  to  prove  tliat 
i.rganizisd  i<id-  allotropism  is  the  true  cause  of  many  of  the  obscure  facts 
which  we  meet  with  in  the  animal  meclmnism  ;  for  it  is  \ery 
clear  that  something  so  modiries  the  relations  of  the  tissues  to  oxygen 
that  they  are  not  indiscriminately  destroyed  by  it,  but  these  parts  yield 
in  a  measured  or  regulated  way ;  and  since,  in  inorganic  s\ib3tances,  the 
influence  of  the  imponderables  can  compel  Ihc  assumption  of  an  active  or 
passive  state,  there  is  nothing  contradictory  in  imputing  to  the  nervotts 
system  a  similar  power. 

In  this  maimer  we  may  thei-efbre  conclude  that,  so  far  aa  tissue  de- 
stmction  is  concerned,  the  nen'ous  system  possesses  a  governing  or  con- 
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trolling  power ;  that  by  keeping  parts  in  states  anawering  to  the  passive 
and  active  conditions  of  inorganic  cbemistrj,  it  can  suapend  the  action  of 
the  respired  oxygen  or  j}cmiit  it  to  take  effect.  This  controlling  power 
ifl,  however^  altogether  distinct  from  a  generative  one,  and  all  the  heat  dia- 
ei^aged  ig  due  to  oxidation.  It  is  also  possible  that  not  only  are  these 
states  of  activity  or  passivity  impreased  on  the  tissues  by  the  agency  of 
the  ncr\'es,  but  also  upon  the  respired  oxygen  itself,  since  that  gaa  is  no 
exception  to  the  rule ;  it  also  eshibita  allotropiara.  Its  passive  state  is 
Priestley's  oxygen,  its  active  is  Ozone.  In  its  transit  from  the  air-cells 
into  tiie  blood  it  may  experience  such  a  change,  and  have  at  once  coni- 
municated  to  it  a  high  degree  of  activity. 


CHAPTER  XI, 

OF  SECRETION. 
flEBore,  wncocfl,  Aia>  hepatic  secbetions. 


Obfed  of  StcrOion. — T^p«  cf  vcrttin^  Mtthnnimfi. — FiflratioR  and  CeB  Adioa. — Of  Sfromt 
Afembranes  and  their  Secretions. —  OfMacmts  Mi'mf/r(tii£ii  timi  t^eiitSfrrffiotix. —  Of'Iffptttv:  Sf- 
rrriiom. —  Tlie  Tviver r  ttn  Dfir!uf%riieut  niiti  .StiWlurt. — .Suurre,  Quairiitif,  (,\niifMititiaH,  Uf". 
an<{  yio\f  o/fhf.  liik. — J-'xistPfife.  aj'biliarjf  f/ijntlienti  in  t/ie  BluCtS. —  frocinrlha  of  Sugar  tmif 
Kal  in  the  Uvtr. —  Chnnifi-s  of  I  Ik  lilaod-ieHit  in  !(■ — G'mern/  Sfn"""//  of  l/trjour-fofii  Aiitim 
oflht  Liftr;  it  profiures  6'iijfpr  nntt  I-'at,  r.Himnairif  liilf,  i-'  (Ac  Smt  <;/' tfir  Jiiifd  IteftnicSion 
of  old  filtxid-rxtlfsf  and  tifthe  Comjitelion  of  ma'  Ones, —  Q/'llic  diKlIesx  lilundn.- — Tlit  Spleen : 
it*  FvadUmf. 

Two  classes  of  substances  occur  in  the  blood — the  products  of  decay 
and  the  elements  of  nutrition^  Tiie  equilibrium  of  the  system  rec^uires 
that  the  former  should  be  removed  and  the  latter  appropriated. 

The  primary  object  of  the  function  of  secretion  is  this  dismissal  and 
appropriation,  and  tlicreforc*  tlirough  the  latter  duty,  secre-  objEctof»ecrc- 
tion  becomes  connected  with  nutrition.  ^""'■ 

The  elementary  tyi>c  of  a  gland  or  organ  of  secretion  consisla  ot  a  sac, 
on  the  interior  of  the  wall  of  which  a  network  of  arterial  ramifi-  -^y^^  ^f  ,, 
cations  is  spread;  this  delivers  its  blood  into  a  similar  net\vork  e'^nd. 
of  veins.  The  matter  which  the  gland  is  destined  to  separate  ooze^ 
from  the  arterial  capillaries  into  tlie  interior  of  the  sac,  and  is  tlelivered 
through  tlie  nceii  or  mouth  thereof,  which  may  be  spoken  of  a.R  the  duct. 
It  will  be  presently  shown  that  the  material  winch  thus  finds  its  wa) 
into  the  hitcrior  of  the  sac  is  not  ftibricated  by  that  organism,  but  is 
brought  to  it  pre-existing  in  the  affluent  current  of  arterial  blood.  As 
onr  knowledge  of  tlie  functions  of  glandular  strueturea  becomes  more 
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preciBBf  the  less  and  less  does  it  appear  probable  tliat  tke  secreted  mattef 
is  in.  any  way  engendered  by  the  gland  itself. 

Since,  with  the  exception  of  the  lungs,  which  excrete  carbonic  aci^  and 
™^  vapor  of  water,  all  the  great  glands  remove  the  miiterial  they 
gUndslu  arc  concerned  with  in  a  state  of  liquid  solution,  it  follows  of 
°^'  necessity  that  the  blood  of  the  artery  supplying  the  glands  and 
that  removed  by  tht  vein  from  the  gland,  differ  in  two  respects :  lat.  In 
the  peculiar  material  constituting  the  solid  secreted ;  .and,  2d.  In  the 
quantity  of  water.  From  the  latter  cause  it  must  follow  tiiat  the  venous 
blood  will  have  a  greater  spissitude  than  the  arterial. 

Thi3  elementary  or  tj-pical  form  of  a  gland  is  but  very  little  departed 
from  in  those  cases  in  which  the  sac  is  elongated  into  a  tube ;  and  even 
where  this  has  been  extended  to  an  exaggerated  degree,  the  essential 
principle  of  action  still  remains  the  same. 

From  the  constancy  of  aspect  which  glands  present^  we  might  be  led 
Inrtueiiro  of  at  first  to  suppose  that  their  peculiarities  of  construction  de- 
ifrvacBrloiu  ac-  temiine  thdr  physiological  action,  that  the  liver  secretes  bile, 
iiao.  and  the  kidney  urine,  because  they  have  the  special  organ- 

ization which  is  nectTfiii  for  such  purposes*  Such  a  supposition,  how- 
ever, has  to  be  received  with  much  limitation,  as  is  proved  by  nmubcr- 
lesa  caaea  of  vicarious  action.  Thus,  in  morbid  difficulties  of  the  liver, 
the  skin  will  discharge  its  duty  for  it  in  the  elimination  of  the  bile  ;  and 
in  derangements  of  the  kidneys,  the  mammary  gland,  the  mucous  mem- 
bmne  of  the  nose,  or  even  the  stomach,  will  discharge  urine.  Construct- 
ive arrangements  have  therefore  for  their  object  the  facilitating  of  secre- 
tion, but  they  do  not  produce  it.  Thug  the  liver  is  far  better  fitted  for 
separating  bile,  or  the  kidney  urine,  than  is  the  akin  for  each  of  these  ifr 
spectively  ;  but  if  they  become  incapacitated,  the  skin  ia  able  to  act  vica- 
riously for  them. 

Thougli  such  vicarious  action  haa  been  denied  by  some  physiologists 
Connectiofl  of  as  being  totally  incompatible  with  anatomical  indications,  a 
li^anTdcTel-  tnore  profound  conception  of  the  law  of  development  of  these 
opment.  structures  may  satisfy  ua  that  it  is  in  reality  a  physiological 

probability,  apart  from  the  evidence  we  have  often  derived  from  interest- 
ing instances,  of  its  actual  occurrence.  It  will  he  seen,  when  vfc  treat  of 
the  primitive  appearance  of  the  different  secreting  organs,  that  they  are, 
in  reality,  all  evolved,  as  it  were,  from  a  common  surface  or  membrane : 
that  this  primitive  surface  discharged,  though  jrerhapa  in  a  confused  way, 
all  their  functions  collectively  ;  and  that  in  development  the  ruling  idea 
seems  to  he  the  separating  out,  or  localizing  upon  a  determinate  spot  or 
region,  structures  which  should  have  the  duty,  in  a  special  manner  at- 
tached to  them,  of  removing  this  or  that  particular  substance,  a  central- 
ization or  concentration  of  action  thus  occiurijig.     There  is  therefore 
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nothing  extraordinaiy  that,  under  the  presanre  of  circumstances,  one  of 
the  special  atniciturea  sliould,  ia  an  imperfect  way,  reaume  the  action 
wiiich  it  once  enjoyed,  wUile  it  was  jet  a  part  of  the  common  structure : 
but,  however  this  may  be,  the  cases  of  vicarious  action  are  too  numer- 
0U3  and  too  well  authenticated  to  admit  of  any  doubt. 

Though  these  vicarious  actions  may  be  in  a  certain  degree  imperfect^ 
they  arc  of  the  highest  importance  physiologically,  since  they  intlicute  the 
true  nature  of  tlie  function,  and  place  the  influence  of  structure  in  Its 
proper  attitude, 

Tiie  separation  of  material  from  the  blood  may,  however,  for  the  pres- 
ent, be  considered  aa  conducted  in  two  different  ways ;  1st,  by  filtration ; 
2d,  by  cell  action. 

Secretion  by  filtration  is,  of  course,  a  purely  physical  act.  Tlie  trans- 
udation of  water  charged  with  saline  substances,  or  with  more  SepuraLion  of 
or  less  of  albumen,  seems  to  imply  nothing  but  the  escape  of  ["^^'^"^^11" 
pre-existing  bodies  through  pervious  or  porous  membranes,  filtraiioa. 
Such  a  result  is  presented  in  the  case  of  the  lachrymal  gland,  the  duty 
of  which  is  1o  accomplish  a  definite  mechanical  operation  for  the  eye  in 
keeping  the  cornea  clear  and  transparent.  This  mechanical  function  is 
again  observed  in  the  case  of  the  serous  membranes,  and  particularly  the 
synovial  ones,  in  which  the  relief  of  friction  of  movable  parts  seems  to  be 
the  object  aimed  at. 

As  long  as  the  material  secreted  clearly  prenexista  in  the  blood,  it  is 
needless  to  refer  secretion  to  any  other  principle  than  the  simple  one  of 
transudation  or  filtration.  It  would  be  unphilosopliical  to  suppose  that 
the  lachrj^mal  gland  exercises  any  property  for  the  formation  or  produc- 
tion of  water  when  by  mere  transudation  copious  supplies  of  tiiat  sub- 
stance can  be  obtained  from  the  blood. 

But  secretion  is,  moreover,  perhaps  connected  with  cell  life.  On  the 
upper  part  of  the  intestine  of  the  young  chick,  a  few  cells  gecretion  bv 
make  their  appearance  about  the  fourth  day  of  incubation.  ™"  jjciion. 
They  are  eventually  recognized  as  bile-containing  cells  from  tlic  color  of 
their  contents.  As  the  process  goes  on,  the  spot  they  occupy  buda  off, 
as  it  were,  so  as  to  produce  a  blind  pouch.  This  offshoot,  with  its  ex- 
terior cells,  is  eventually,  when  perfect  development  is  reached,  the  liver. 
Secreting  organs  of  this  glandular  class,  and  also  membranes,  possess  a 
general  analogy:  they  consist  of  a  structureless  basement  membrane,  with 
cells  upon  ifs  siuface,  and  a  supply  of  blood-vessels.  The  cells  are  not 
persistent,  but  lead  a  veiy  transitory  life,  apparently  elaborating  the  ma- 
terial with  which  they  are  charged,  and  then  undergoing  rupture  or  ddi- 
queflcence- 

Our  conclusion  respecting  the  mode  of  action  of  secreting  cells  turns 
altogether  upon  the  evidence  of  the  power  they  poaseas  of  preparing  ma~ 


192  FILTRATION   AMD  CELL   ACTION. 

terial  which  did  not  pre-esiat  in  the  blood.  Thus,  if  it  should  be  shown 
that,  under  normal  circumstancca,,  the  elements  of  bile  are  not  found  in  the 
blood,  the  inference  might  Im  dmwn  that  the  hepatic  cells  dbplay  a  com- 
bining, or,  as  it  were,  a  preparing  jwwer ;  and  so  likewise  in  the  case  of 
other  secreting  cells ;  but  the  weight  to  be  attached  to  such  evidence  is 
^eatly  affected  by  the  coiisideration  timt  the  action  of  each  gland  or  atv 
Difflculcj-nfilc-  creting  apparatus  masks  what  is  really  going  on  in  the  sys- 
of'^fllcSu  !r  ^^^^-  ^'  ^^  imssible  that  we  may  be  scarcely  able  to  discov- 
tbe  hloqd.  er  the  traces  of  sub&tances  in  the  blood,  and  yet  a  tendency 
may  exist  for  their  accumulation  to  a  great  extent.  Thus  there  can  bo 
no  doubt  that  urea  would  abound  through  the  disintegration  of  tlie  mus- 
cular fitmcturcs,  and  the  use  of  nitrogcnized  food,  if  it  were  not  for  the 
action  of  the  kidneys*  It  is  the  very  perfection  of  tliat  action  which  so 
diminishea  the  amount  in  the  circulation  as  to  prevent  us,  except  with 
difficulty^  from  detecting  the  presence  of  the  ingredient. 

Nor  is  this  all,  for  it  ought  to  Ijc  remembered  that  many  of  the  prod- 
ucts of  secretion  are  substances  undergoing  retrograde  nictamorplioacs. 
and  have  therefore,  as  it  wore,  in  themselves,  an  interior  principle  of 
change.  It  is  conceivable  that  things  which  did  not  pre-exist  in  tlir 
blood  may  yet  occur  in  tlie  seci-etions,  coming  there,  not  through  the 
agency  of  cell-life,  but  because  of  the  downward  course  townrd  an  inor- 
ganic condition  tlirough  which  the  accretion  is  spontaneously  passing. 

Of  the  mare  prominent  substances  in  the  chief  secretions,  many  indir- 
putabiy  pre-exist  in  the  blood.  Utea,  cholc&tCTUie,  casein,  arc  examples. 
Wherever  this  occurs,  the  removal  is  unquesttonabl}-  due  to  mere  filtra- 
tion. AVhy  siiould  it  Ix!  supposed  that  the  cells  of  the  kidneys  ]iave  any 
doty  of  combining  material  presented  to  them  into  urea,  or  those  of  the 
liver  into  chnlcstGriuc,  or  those  of  the  manmiary  glands  into  casein?  As 
our  methods  of  cxanii]iing  the  blood  become  more  perfect,  this  formatiM- 
or  grouping  action,  once  bo  largely  imputed  to  the  eeereting  cells,  be- 
comes more  and  more  resfneted. 

The  cases  in  which  the  influence  of  cells  is  indisputable  are  those  which 
p  ...  I  ^f  offer  to  us  combinations  of  progressive  mctamorjihoais.  Of 
fiUrotioii  aiiLi  tliesc,  tlic  mo3t  striking  instance  is  the  preparation  of  the  upcr- 
of  «Uacti.n.  ^^_^^j^  ^^^jj_  Perhaps  we  should  not  be  very  far  from  the  tmtl) 
if  we  considered  alt  those  aeci-etions  in  which  the  materials  are  in  a  state  o!' 
retrograde  metamorphosis,  or  in  a  descending  career,  as  arising  by  mcrf 
tlltration,  a]id  those  which  are  ascending  to  a  higher  grade  as  due  to  ceh 
agency;  between  the  two  there  being  an  intermediate  class,  the  jihasc  of 
which  ia  stationary,  and  in  which  cells  may  or  may  not  be  necessarily 
involved,  as,  for  histance,  the  transmutation  of  one  fat  into  another,  or 
the  preparation  of  sugar  from  albumenoid  bodies. 

The  apparatus  for  secretion  is  generally  conveniently  treated  of  under 
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two  heads :  Ifit.  Membranes,  auch  as  the  serous  and  mucous  ;  2d,  Glands, 
AS  tlie  liver,  kidney.  This  division  is,  however,  not  founded  etthci  on 
stmcttiral  or  iiinctional  difterences,  and  ia  to  be  preserved  merely  for  the 
aake  of  conTenience. 

A  secreting  membrane  consists  esscntiallj  of  a  tunic  of  connective  tis- 
ane, affording  a  nidus  for  vessels  and  nenes.  Upon  this,  in  the  opinion 
of  many  anatomists,  a  thin  basement  membrane  is  laid,  the  existence  of 
which,  is  denied  by  others.  Upon  the  surface  of  the  boBcmcnt  membrane 
there  is  a  layer  of  cells,  the  form  and  arrangement  of  which  differ  in 
different  regions-  In  some  places  the  cells  are  flat,  in  othera  cylindroid. 
Their  duration  is  temporarj',  one  brood  succeeding  another  from  gemia  on 
the  basement  membrane.  Tiie  superficial,  and,  therefore,  the  older  cells, 
desquamate  or  deliquesce,  and  an?  rejilaccd  by  others  fraru  beneath,  II 
is  usually  said  that  the  serous  membranes,  with  the  exception  „, 

^  _  ^  ^  Ofserousraera- 

of  the  peritoneum,  are  all  closed  sacs,  the  peritoneum  being  ifr«n.s  and 
perforated  where  llic  fimbriated  extremities  of  the  Fallopian  "•^'^  ^^^'^'■'"^ofi- 
tubes  open  into  the  abtlominal  cavity  iu  the  mammalia,  and  in  fishes 
through  the  lateral  anal  oj>eriings.  The  generality  of  this  view  ia  now 
called  in  question,  both  as  regards  the  synovial  sacs  and  bursa?  mucosas 
which  all  belong  to  this  group*  Thus  Kollikcr  rcgjirtb  the  synovia! 
structures  as  tubes  ojwn  at  botli  ends,  and  attached  by  their  edges  round 
the  articular  surfaces  of  the  bones. 

However  thia  may  be,  even  the  pcritoncuni  is  practically  a  shut  sac. 
Accumulations  of  water  within  it  do  not  escape  through  the  apertures  of 
the  Fallopian  tubes,  nor  can  air  be  injected  the  opposite  way. 

The  fluid  exuding  from  the  serous  surfai-cs  is  a  dilute  albuminous  ho- 
iution,  more  dilute  as  it  is  presented  in  the  ventricles  of  the 

,       .  ,  1-1  '.,...  Serous  fluids. 

brain,  and  more  concentrated  in  the  sjtiovuu  cavities,  its  con- 
sistency in  the  latter  case  being  such  that  it  may  sometimes  "be  drawn 
out  in  tenacious  threads.  Tlie  n^eclianical  qualities  of  these  various  ex- 
udations permit  a  certain  freedom  of  motion  in  tiie  parts  to  which  they 
are  applied.  Thus  the  secretion  of  the  peritoneum  facilitates  the  move- 
menta  of  the  abdominal  viscera ;  those  of  the  pericardium  and  pleura,  of 
the  heart  and  lungs ;  those  of  the  s^Tiovial  membranes  and  bursal  mu- 
cosa', of  the  joints  and  tendons. 

The  nature  of  serous  seeretions  may  be  illustrated  by  the  cases  of 
fluids  collected  from  the  abdominal  and  thoracic  cavities,  &c.  They 
are  usually  of  a  faint  yellowish  color,  clear  or  turbid,  reaction  alkaline, 
and  sometimes  containing  so  much  albumen  as  to  coagulate  readily  ou 
heating. 
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T.U5LE  I. 

Ftaid 0/' Airrita.     (/rom  JIarcfutnd-) 

Wiuer „...-, 0S190 

Albumen.,: 28.80 

Uim,,  - -.-. > 120 

Chloride  of  aodioin. ,..      8.10 

Carbonnle  tif  Bodii, .,,.-. -.....-... 2.10 

riio«!pbuie  And  traces  of  suljiilisM  of  nod* Q.SO 

A  viwid  »ybstniice ^ ...-      fl-gfl 

IUOU,(M 

TABLE  II. 

Afriiai  ii-itli  S"p}fumtion  ofbot/t  Kulnryx.     {From  S'umoa.) 

Water 978.M 

Fill  containing  cluil^Cerino ....,        1.00 

Alhiimeii.... 8.*0 

Akohol  exirftct...... „..,..... ,,..-      O-W 

.Sjiii-it  cMtratt 1.70 

Carbonats  arsuda  and  [jhuspluite  of  linic ..,,...       InSO 

Chloride  ofdOLliiim  ami  lac:tati^  of  Bodji fi.80 

Urea. .„.,.... 1.20 

Lose l.*0 

IUUU.IM 

TABLE  in. 
Ptfurul  Effanon.    {From  Simim.) 

Water 9iM.73 

FiHriti 1.02 

Fnt 1.06 

AIoqIiuI  ejctmct,  willi  salts ,  1.35 

Spirit  extract,  with  sultB... 10.04 

AlbuDiitiEit&uf  mhIbi..... 17.A6 

AIlmmeTi , 31.00 

Fiscd  6U.111* y 9.50 

Gain  in  analyi^iB ,.  T.I4 

lfKIO.00 

To  tlie  above  may  be  atltted  the  following  interesting  instances  of  6uii3 
of'  hydrocele,  in  which  attention  slionld  be  particidarly  directed  to  the  oc- 
currence of  cholesterine  and  other  bile  constitnenta.  In  the  case  pre- 
sented in  Table  IV.,  tho  fluid  was  observed  to  sparkle  when  shaken,  in 
i!onsequcnce  oi'tlie  numberless  crystals  of  cholesterine: 

TABLE  IV. 

Fluid  af  llifilfocc^.     (^Pirfm  Simon.') 

Water „ ,..., SCO.OO 

Cholraterine,  with  &  lillli!  margarine  and  alcie  acid       8,40 

Allmmen 48.30 

Albittniniiie  of  .mhJii,  and  extractive  tnnUi^r 6.^ 

Gximctive  m»iter  Boluble  in  alcohol 2.30 

Chloridus  of  SLidiittn   and  ciik-inm,  n  little  sal-)      "a  ko 

phato  and  trarfcs  nf  phosphate  nf  lime J 

FhospliaCe  at'  lime  mill  tr^LLTS  uf  puroxidu  nf  iron...         ,70 

LOM 0.90 

1000.00 
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TABLE  V. 

Fluid  of  Ilyds-ofek.     (From  flel^.) 

Water , ,....,.........,..,,.... ., ...  9I9.S0 

Annuoeti    , ,     SS.QQ 

Prteffti... , ,„ i.eo 

.Soda  soap,  biiiptiafiiTi,  hajniato-gluliiilin,  diKolved  > 

biFmaliii,  and  extractive..,,,, i 

FixedsolU , _. 7,80 

TABLE  VI. 

Fkui  of  n^d,-oreU.     {From  Ihltrr.) 

Wuer..... , M6.36 

Albumen — ,., , ,,.,. ..  60.00 

Fat  poiitaining  cliulcsterim.'.... ,  0.^ 

Extractive  niaitcrM,  bilipbucin,  soilfi  senp 34.04 

Fixed  miw,  chieHy  chlnridc  nf  sodium 9.37 

1000.00 

TABLE  VII. 

SgAOvial  Fluid.     (From  FreruAs.") 

Water ,_.... 948.00 

Mucoa  and  cpicheliiun 5.00 

¥al ,.,.. , 0.70 

Albumen  and  exLlra^tive S5.DQ 

Salts 9.00 

Low 2.80 

lodoioo 

1  have  introduced  tliese  tables  not  only  for  the  purpose  of  exhibiting 
the  nature  of  the  fluid  yielded  by  membraiiea  of  the  serous  Producuof  se. 
group,  but  also  for  the  Bake  of  the  important  evidence  they  l^"^.'^"".  *"l|f *" 
offer  as  regards  the  function  of  secretion  itaelf.  In  tiie  in-  ilwii. 
fancy  of  pliysiology  it  was  universally  believed  that  the  special  function 
of  each  gland  arose  from  its  peculiarity  of  construction  ;  that  thus,  by  the 
Hver,  out  of  blood  in  which  they  did  rot  pre-exist,  cholcsterine  and  its 
allied  bile  componnd:^  were  made;  lliat  thus,  by  the  kidney,  urea  was 
formed.  Even  iu  more  recent  times  a  modificatioii  of  ihia  doctrine  has 
prevailed,  and  to  the  cells  of  which  glands  arc  so  largely  composed,  the 
duty  Itaa  teen  attributed  of  fonning  special  prod^ictw.  In  this  way,  wt- 
still  constantly  speak  of  the  bilc-secreting  cells  of  the  liver;  but  the  pre- 
ceding tables  indisputably  show  that  these  very  compounds,  cholcsler- 
me,  biliphaein,  urea,  etc.,  may  make  tlieir  appearance  in  distant  places, 
oozing  (roni  gurfacea  wholly  devoid  of  the  supposed  special  mechanism. 
In  caaea  in  which  there  occurs  structural  degeneration  of  the  kidneys^ 
for  instance,  urea  at  once  makes  its  appearatice  in  unaccustomed  places, 
as  though,  when  the  readiest  avenues  through  which  it  might  have  cb- 
t^aped  have  failed,  it  bursts  forth  or  oozes  out  at  the  weakest  point. 
With  such  results,  the  idea  of  leakage  or  straining  seems  to  be  in.separa- 
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b\y  connected  ;  and,  moreover,  an  enlarged  view  of  the  operation  of  cell 
life  Beems  to  indicate  that  the  general  action  of  those  organismB  ia  to 
produce  a  formative  result,  the  grouping  of  amorpJious  into  organized 
material,  and  the  elaboration  of  that  material  into  more  complicated  and 
higher  forms.  But  many  of  the  most  important  constituents  of  the  va- 
rioti3  Bet-retions  are  indisputiib!/  things  whicli  ate  on  the  downward  ca- 
reer, fast  passing  to  the  inoiganic  state.  Many  of  ihem,  as  presented  in 
the  bile  or  in  the  urine,  run  through  a  eeriea  of  spontaneous  changes, 
which  onfl  in  the  appearance  of  truly  inorganic  bodies.  For  tlie  fabrica- 
tion of  such  substances^  half  inorganic  themselves,  it  is  scarcely  to  hr 
thought  that  cell  life  should  be  necessarj- ;  and  these,  witJi  many  otlier 
flueh  considerations,  recall  the  ob-WTvation  I  made  a  few  pages  back^  thai 
the  more  profoundly  we  study  the  composition  and  constitntion  of  se- 
creted iluids,  and  tlic  more  accurately  we  understand  the  function  of  se- 
cretion it.'aelf,  the  less  are  we  disposed  to  invoke  tiie  agency  of  cell  life, 
Mntl  to  rely  the  more  on  the  ordinary  mechanieitl  act  of  alrainage. 

That  the  different  secreting  aurfacea  exercise  an  elective  elimination  on 
ElectiT«  fiUrii-  matcrialsj  existing  in  the  bloody  some  permitting  t]je  escape 
'"*"•  of  one,  and  some  of  another  ingredient  more  readily,  may  be 

demonstrated  from  their  action  on  saline  substatjcea  purposely  introduced 
into  the  blood.  Thus  the  iodide  of  potassium  was  detected  by  Bernard 
Lu  the  saJiva,  pancreatic  juice,  and  the  teuTs  in  leas  titan  one  itnnute, 
but  in  the  nrine  and  h:\f-  not  until  after  an  hour.  The  feriDcyanidc  of 
potassiuni  could  be  recognized  in  the  urine  in  seven  minutes,  but  not  al 
all  in  the  saliva.  In  like  manner,  cane-sugar  and  grape-sugar  appear  in 
the  prcretioiis  of  the  kidneys  and  liver,  but  not  in  those  of  the  pancreas 
and  aalivary  glands.  The  lactate  of  iron,  injected  into  the  veins,  fur^ 
uishes  no  iron  to  tlic  i^aliva,  but  both  iodine  and  iron  can  bc  recognized 
in  that  aecretion  after  the  administration  of  the  iodide  of  iron. 

Upon  the  whole,  we  may  therefore  conclude  that  very  many  substances 
arc  etra,ined  &om  the  blood  in  which  they  naturally  occur  by  menibranes 
and  glands,  which,  from  the  circumstance  that  they  arc  of  various  con- 
struction and  possess  a  diflerent  ph^'sical  nature,  are  better  adapted,  some 
for  the  removal  of  one,  and  some  for  the  removal  of  another  compound. 

Among  secreting  surfaces  tlic  nmcoug  membranes  arc  usually  enumet- 
Of  niMcouB  ated.  Btrictly  speaking,  however,  they  are  scarcely  so  mucli 
Midthd"»ecre-  Bccretiug  surfaccs  as  the  aeat  of  numberless  secreting  organ- 
lion,  isma.     They  line  the  interior  of  the  digestive,  respiratory, 

tirinary,  and  generative  apparatuses,  and  arc  characterized  by  extreme  vas- 
cularity. In  Btructure  they  conaiat  of  Beveral  different  layers  or  regions^ 
the  undermost  being  submucous  cellular  tissue,  upon  wliich  ia  spread  tin- 
proper  mucous  membrane,  containing  connective  and  clastic  tissue,  whicli 
nffordft  a  nidus  for  blood-vessels  and  nerves.     Upon  this  ia  the  basement 
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membrane,  covered  with  epithelial  cellft.  In  many  regions  this  compound 
structure  rises  into  elevatiouSj  aa  in  the  intestinal  viLi,  or  ainka  into  de- 
pressions, as  in  tiie  follicles. 

The  epithelial  cells  arc  of  different  kcnda*  sometimes  flat,  giving  origin 
to  teaselated  or  pavement  epithelium^  and  soTtietimea  cyliit- 
droid.,  each  cell,  in  thia  case,  being  set  vertically  upon  the 
basement  membrane.  In  many  instances,  the  cylindtoid  nucleated  cells 
are  fiimiahed  upon  their  outer  extremity  with  vibrating  cilin,  constituting 
ciliated  cylindrold  epithelium.  Both  forms  of  epithelium,  the  teaselated 
and  the  cylindroid,  cocxiat  in  glanduhir  ducts.  The  origin  of  the  cells 
is  in  the  basement  membrane,  ti-ora  germs  arising  there  ;  and  as  tiie  older 
and  therefore  superficial  cells  exuviate  or  deliquesce,  new  ones  arise  to 
take  their  places. 

After  what  has  lieen  said,  it  is  not  necessary  to  g^ve  a  detailed  de- 
scription of  mucous  surfaces  farther  than  to  state  that  from  propertief 
them  there  ia  furnished  a  viscid,  glairy  fluid,  of  different  shades  of  mtic""'^ 
of  color  from  white  to  yellow,  denser  than  %vater,  and  insoluble  therein. 
Examined  by  the  microscope,  it  contains  granular  corpuscles  and  epithe- 
lial Cells.  Its  reaction  is  alkaline,  and  Its  proximate  constituent  is  a  sub- 
stance to  which  the  name  of  mucin  has  been  given.  Derived  from  dit- 
ferent  sources,  as  the  nasal,  bronchial,  and  pulmonary  surfaces,  the  in- 
testinal canal,  and  tlie  urinary  ajul  gall  blaclders,  it  exhibits  specific  dil- 
ferencea.  Its  quantity  is  often  greatly  increased  by  morbid  causes,  as, 
for  example,  in  catarrh,  its  compositiou  hkewisc  vaiying  at  difterent 
stages  of  the  same  disease.  Its  use,  for  the  most  part,  seems  to  be  tlie 
protection  of  the  delicate  structure  wliich  secretoa  it.  In  some  positions^ 
aa  in  the  intestinal  canal,  it  likewise  probably  acts  in  the  way  of  reliev- 
ing friction  of  the  substances  passing  over  surfaces. 

Of  8€creimfj  Glands. — The  typical  form  of  secreting  cell-gland  ia  a 
single  cell,  with  its  nuclens  at  the  lower  end,  the  other  end  gimpicsatiitc 
having  become  open  by  de  1  it jue sconce  or  dehiscence,  and  thus  ™ii-eiJiM"i. 
constituting  a  sac.  From  the  nucleus  thus  situated  at  tlie  cud  of  the 
cavity  broods  of  young  cells  arise.  These  become  more  perfect  as  tliey 
advance  toward  the  mouth  of  the  sac.  The  outer  wall,  and  especially 
the  region  of  the  nucleus,  is  furnished  copiously  with  blood-vcs-scla. 

Of  eucli  structures,  variously  modiHcd,  the  different  glands  are  com- 
posed. We  shall  now  proceed  to  the  description  of  the  more  important 
of  these,  as  the  liver,  kidneys,  mammary  gland,  &c.,  again  impressing 
the  remark  that,  though  all  these  glands  arc  the  seats  of  myriads  of  cells, 
cell  life  is  for  increased  organisation,  and  fiecretion  is  in  many  instances 
nothing  more  than  tiltration  or  strainage.  We  shall  endc^ivor,  as  the 
occasion  arises,  to  show,  in  tiie  case  of  each  gland,  wliat  part  of  its  actiou 
ts  due  to  cell  influence,  and  what  to  such  mechanical  permeatiotl. 
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OF  THE  LIVEK, 

I'lie  first  appcaraiice  of  a  bile-aecretiiig  organ  is  tlic  occurrence  of  yel- 
iJudiment  of  low  cclb  vuriously  scattered  upon  tlie  Iming  membrane  of  the 
ihc  liver.  digpstive  cavity,  as  in  the  hydra.  A  concentration  or  local- 
ization next  ensues,  audi  yellow  cells  Leing  grouped  upon  the  wall  of  the 
intestine  at  a  definite  spot.  A  ca'cal  prajectioii,  in  tlie  higher  tribes, 
Hcenia  next  to  force  out  ihe  yellow  cells,  bearing  them  on  its  exterior,  as 
in  the  nudibrancliiate  gasteropoda ;  and  as  these  cccca  are  prolonged 
more  and  more,  so,  in  a  more  definite  manner,  does  the  rudimentary  liver 
appear.  In  molluscs  this  partition  is  aurticiently  distinct.  The  special 
form  which  the  hepatic  apparatus  presents  in  different  tribes  varies  xcry- 
pjeatly,  tlioiigli  doubtless  the  principle  of  construction  and  of  action  ia 
always  the  same.  Thus,  in  insects,  the  liver  con- 
sista  of  long  tubes  of  delicate  membrane,  covered 
with  yecreting  ceSl-s  small  and  gcmi-likc  near  tlic 
distant  end  of  the  tube,  but  more  jjerfect  (it  the 
mouth.  These  tubes  are  in  relation  with  an  adi- 
pose niass,  wbicli  is  probably  connected  with  the 
Origin  of  the  cells.  The  diHerent  condition  of 
Ihcsc  cells,  when  compared  at  the  bottom  and  at 
the  mouth  of  tlie  bile-sac,  is  well  seen  in  the 
case  of  crustaceans,  as  in  I'/ff.  82,  one  of  the  he- 
patic ececa  of  the  cray-fish.  The  letters  at  the 
side  show  the  state  of  the  cells  in  didercnt  posi- 
lions  toward  the  inoulli  of  the  follicle.  At  a  they 
rontain  yellow  biliary-  matter  only  ;  at  A,  oil  glob- 
A*  ^^^^^m  itles  arc  appearing  in  thcni,  whidi  become  moK- 
*  ^^^^V  distinct  at  v  :  and  toward  d  and  c  tiiey  present 
^  A        ^^^T  the  appearance  of  ordinary  fat-ccUs.     Thus,  ex- 

tt  ^w  amincd  at  tlie  bottom  of  the  follicle,  the  cells  are 

H»p,ficr«^,.mor™y-ii»i,.-    i[\\.^^y^  m,d  ^^  ^f.  advaucc  to  the  mouth  they  be- 
come fatty. 

The  comparative  anatomy  ol'  the  liver  is  rejieatcd  in  its  order  of  dcvel- 
itevriopmeni  opment  in  the  hi^li  vertebrated  animals.  In  them  it  is  first 
.■f  the  liver,  delected  in  at]  evolution  of  cells  upon  the  intestinal  wall,  at 
the  point  whicli  is  eventually  to  l»e  the  place  of  discharge  of  the  common 
bile-duct.  This  a^lomcration  orbile-ccHs  is  next  seen  to  project  or  bud 
lift"  through  the  intrusion  of  a  ca^cal  pouch.  In  the  amphioxus  the  con- 
dition thus  readied  remains  ]>ennanent,  and  is  t!ic  counterj>art  of  the  hver 
of  a  fowl  alxsnt  the  fourth  day  of  jnculiation.  The  ccccal  pouch  next 
sends  forth  ran iificat ions,  which  are  likewise  accommodated  with  cells, 
and  tli^se,  brandling  again,  give  origin  to  a  eoinplicatcd  structure.     In 
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ihis  condition^  tlic  moutli  of  the  ccecum  becomes  drawn  out  and  najrowed 
down,  und  so  fonns  tlie  rudiment  of  an  hepatic  duct. 

In  man,  the  liver  is  the  largest  gland  m  tlie  hody :  it  is  of  a  reddish- 
brown  color^  denscj  and  tirom  three  to  five  pounds  in  weight ;  Description  or 
convex  on  ita  upper,  and  concave  on  its  inferior-isurlace.  It  ihe^'ver. 
lias  five  lobes:  the  riglit  lobe,  the  left  lobet  the  lobug  quadratus»  the  lo- 
bu3  spigelii,  and  lobus  caudatus.  It  is  held  in  its  position  bj  ditpli- 
catiires  of  peritoneum  and  by  a  fibrous  cord  termed  its  ligaments.  Ita 
jieritoneal  envelope  is  the  cause  of  its  ghsay  appearance  \.  it3  cellular  en- 
velope extends  into  the  interior  as  sheaths  for  the  vcbheIs.  Five  classes 
of  vessels  are  found  within  it:  the  branches  of  the  portal  vein,  those  of 
the  hepatic  artery,  those  of  the  hepatic:  veins,  the  lymphatics,  and  the  he- 
jMitic  duct^;  the  latter,  converging  eventually  into  a  tnink,  the  hepatic 
duct,  joins  with  the  cystic  duct  to  form  the  ductus  commimis  cholcdo- 

chus,  which  discharges  its  contents 
into  the  duodenum,  as  seen  in  J^ig. 
83,  in  Tvhicli  a  is  the  gall-bladder, 
which  constitutes  a  tcraporaiy  recep- 
tacle for  the  bilcj  d  the  cystic  duct, 
d  the  hepatic  duct,  c  its  branches,  e 
the  ductus  oliolcdochus,  nnd  A  its 
opening  into  the  ducidennni, 

TJic  gall-bladder  is  wanting  in  in- 
vertebrated  animals,  and  first  makes  its  appearance  in  a  rudimcntarj- 
condition  as  a  dilatalion  of  the  bile-duct :  it  is  absent  in  tlic  liorse,  pres- 
ent in  the  ox;  in  the  cainelopard  it  was  absent  in  one  individual,  and 
ihe  next  that  happened  to  be  exsiniincd  had  two. 

The  intimate  structure  of  the  Vntr  in  inau  is,  in  many  particidars,  still 
imperfectly  known,  tliough  the  attention  of  the  most  eminent  jp^jnatpj^nj^. 
anatomists  has  been  devoted  to  it.  It  may,  Iiowever,  be  un-  ture  of  iho  liv- 
dersfood  that  each  hepatie  vein,  commencing  in  the  substance  "' 
of  the  liver,  bears  upon  ita  capillaries  small  portions  called  lobulesj  froni 
tlie  ^  to  llie  ^  of  an  inch  in  diameter,  in  a  manner  which  calls  to  mind 
Pi^.  ftL  the  arirangcraent  of  leaves  on  a  branch,  or 

a  bunch  of  grapes,  as  represented  in  J^iff^ 
84,  a  being  the  vein,  i,  ^,  5,  leaf-like  lob- 
ules on  its  branches.  Excluding  the  lym- 
phatics, it  may  be  said  that  four  different 
syatems  of  vessela  ai'e  engaged  in  the  liver, 
the  portal  vein  and  hepatic  artciy,  the  bile- 
ducts  and  hepatic  veins.  The  first  pair 
are  afferent,  the  second  pair  efferent  ves- 
aels.     Tlie  portal  rein  brings  the  blood  from  which  bile  is  to  be  Becre- 
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ted ;  the  hcpattc  artery  brmgs  aerated  blood  for  the  nourishment  of  tht= 
gland ;  the  bile-ducta  carry  away  the  biliary  secretion  which  has  been 
separated  from  the  portal  blood,  and  tlie  residue,  taken  charge  of  by  the 
hepatic  veina,  is  eventually  carried  back  into  the  general  circulation 
through  the  vena  cava. 

A  generd.  idea  of  the  mode  of  arrangement  of  the  four  vessels  in  thf 

liver  may  be  obtained  by  recalling 
the  illustratian  just  given,  tliat  the 
lobules  are  placed  on  the  eommence- 
nient  of  the  hepatic  veins,  like  grapes 
on  their  stalks.     The  vein  originate? 
in  the  centre  of  each  lobule,  aa  shown 
^   at  rt  fl,  in  J^iff.  65,  and  exhibitfi  there 
a  ray-like  kind  of  divergence.     On 
tlic  periphery  of  each  lobule,  at  ^,  A,  A, 
as    it  were   on   the   aiirfacc   of  the 
grape,  the  other  three  vosflela  ram- 
ify.    Of  them  the  portal  vcinlets  dip 
down  into  the  subHtance  of  the  lob- 
ule.    The  hepatic  arteries  likewisE' 
enter  for  the  purpose  of  giving  nutri- 
In  J^iff.  86,  fl,  ra  are  the  conmiencin*^  hepatic  or  intra- 
lobular veind  of  two  lobules  ;  5,  6, 
the  biliary  ducta  ;    p,  interlobular 
tlsaue ;  d  (I.  parenchyma  of  the  lob- 
ules.     "With   respect   to    the   bile- 
?^^^,  ducts,  which  are  prominently  rep- 
resented in  this  figttre,  it  U  not  pos- 
itively known  wliether  they  pro- 
ceed bevond   the  surface,  and  the 
v'it  ,  '  '*^-."s%sKw^         manner  in  which  thev  are  related 
'*wr      ^J^*'^^'-^  ■        ^  to  the  accvetmg  cell?,  and  receive 

the  liquid  yielded  by  them,  is  a  sub- 
ject of  controversy.  The  inter- 
spaces between  the  capillariea  that  have  entered  the  lobides  arc  filled  up 
with  these  cells. 

It  is  not  known  whether  the  hepatic  artery  diwchargea  its  blood  into 

H     ti     \]a    ^'^^^  pf>rtal  capillaries,  or  info  thOn^e  of  thf  hepatic  veint  and. 

for  this  reason,  it  is  doubtful  whether  that  blood  takes  pari 

in  the  secretion  of  the  bile.     The  secreting  cells  have  uucleolated  nuclei. 

Jind  arc  about  the  ^^^  of  an  incli  in  diameter. 

In  I*'ig^  87*  at  a,  a,  a,  their  normal  state  is  .shoivn.     They  are  filled 
with  a  yellowish,  granular  soft  substance ;  at  A  £  is  the  appearance  gf  fat 
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globules,  which  increase  in  nuralwr  and  sixe  at  c,  c^  c,  c.     They  thua  con- 
tain both  biliary  niateriiil  and  oil  globules,  the  quantity  of  the  latter  vary- 
Fi-j.  w.  ing  wit!i  file  iiatnre  of  the  foo*!,  antl 

in  certain  diacaacd  conditions  occur- 
ring to  90  great  an  extent  as  to  give 
riHc  to  the  a.'^poct  known  aa  '^fattj" 
Uver,"     This  accumulation  of  fat  i.** 
A  it3f''\        .^P^.        rsiB    *^onnected  with  the  respiratory  f«uc- 
!^i^^      ^BH     vSl    *'^^*  ^^°^  'O'"^/  i"!  conditions  of  dis- 
'^''^^^i'j^f       ^ir      ^^    f^*^*"'  ^^"*  *^^^^  •"  *  ^^^'^^  ^*'  bealth : 
Hep.u««ii-ti«snifl«i*Ki^iMnetfln.  f^^^  4]^^  „,(jjg  energetic  the  rrapira- 

tion»  the  more  free  ia  tlie  liver  from  fat, 

Jia  the  chyle  pasaes  through  the  inescuferic  glands  before  it  is  die- 
charged  into  the  circulation,  so  do  the  mattera  whicli  have  l>een  t»krn  up 
by  the  vascular  abHorbents  pass  to  the  liver.  In  Chapter  IV.  the  bile, 
which  is  Becieted  from  the  portal  blood,  ia  treated  of  as  taking  part  in  the 
fimction  of  digestion ;  but  there  is  another  aspect  under  which  we  liave 
now  to  regard  it. 

We  speak  of  tlie  circulation  of  the  blood,  Ijecause,  setting  out  from  the 
heart,  it  comes  back  thoreto,  pnrgMiug  a  course  wiiich  returns  jj^,  .otbntii-a] 
upon  itaelf.  In  the  same  metaphorical  manner,  according  to  BiilTalc^jtirseol 
the  view?,  of  i>ome,  we  might  speak  of  tbe  spiral  motion  of  '*^  ^''  ^' 
the  bile;  for  those  of  its  oonatituentB,  which  arc  Hrst  taken  from  the  atom- 
och  and  email  intestine  by  their  veins,  apjwar  to  pass  in  the  portal  circu- 
lation to  the  liver.  In  that  gland  a  preliminary  partition  of  the  conf?titn' 
ents  of  the  portal  blood  ensues,  one  stream  setting  off  to  the  general  cir- 
culation through  the  hepatic  veins,  and  another,  the  bile  itself,  rt'tnming 
to  the  intestine.  In  the  intestine  another  partition  ensues  ;  the  coloring 
matter  of  tlie-  bile  h  dismissed  with  the  fa'ces,  and  the  residue,  taken  up 
by  the  lactcals,  passes  througli  the  mesenteric  glands,  and,  either  by  the 
thoracic  duct  or  otherwise,  g^Hs  into  the  blood  circulation.  It  may  there- 
fore be  perhaps  thought  that  the  constituents  of  the  bile  have  been  twice, 
in  ciofle  succession,  in  tlie  (ligcgtive  cavity,  and  have  been  twice  absorb- 
ed, first  by  the  veins,  and  then  by  the  lacteaU ;  and  that,  as  it  were,  a 
spiral  course  has  been  pursued. 

The  question  at  once  arises,  what  ia  the  object  of  such  a  course  ?  Why 
is  there  this  return  to  the  digestive  cavity?  The  answer  conimoiily  given 
is,  the  bile  takes  part  in  promoting  the  operation  of  digestion.  Hut  the 
return  may  perhaps  be,  not  for  the  piirjioso  of  inducing  digestion,  but  for 
tbe  purpose  of  being  acted  on  or  digested  iteelf.  The  separation  of  ite 
coloring  matter,  just  alluded  to,  is  a  significant  fact. 

The  portal  blood,  as  it  is  preparing  to  enter  the  liver,  may  be  regarded 
an  eyatemic  venous  blood,  the  constitution  of  which  has  been  altered 
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ihrougli  the  addilious  made  to  it  by  absorption  of  matters  from  the  stom- 
Se  fo  of  ^^  ^^^  intestine*  We  may  overlook  for  the  present  those 
theporiiil  ijlofld  contributions  it  receives  from  the  veins  of  the  spleen  and  oth- 
Hii  L'  ivir.  cr  sources*  Regarding  it,  therefore,  as  eptcmio  venous  blood, 
charged  with  certain  of  the  products  of  tligcation,  it  enters  the  liver  to  be 
acted  upon  by  that  gland.  The  first  effect  upon  it  is,  in  a  chemical  jioinl 
of  view,  "vvell  marked.  The  stream  which  sets  ofi*  to  the  general  circula- 
tion through  the  hepatic  veins  may  be,  said  to  cany  away  the  wliole  of  the 
nitrogenized  material ;  for  the  bile,  whieh  is  at  tliia  point  parted  out  and 
sent  back  to  the  intestine  throu|fh  the  biliary  ducts,  does  not  contain  more 
than  4  per  cent,  of  nitrogen^  and  thi»  eiclusive  of  the  water  which  im- 
parts to  it  its  liquid  condition.  Arrived  in  the  intestine,  a  rep- 
»ep«raiion  of  etition  of  the  same  process  of  partition  takes  pincc,  tlie  eolor- 
'  "  "'  ii]g  matter,  wliicJi  contaitis  nearly  tlic  whole  of  this  residual  ni- 
trogen, being  dismissed  with  the  fseees,  and  the  remaining  hydrocarbon 
laken  up  by  the  lacteala  along  with  other  fats. 

Tlie  first  duty  of  the  liver  is  llicrefore  a  separation  of  the  nitrogenized 
principles  of  the  portal  blood,  which  are  forthwith  carried  into  the  gen- 
end  circulation  tlirough  the  licpatic  veins  and  the  vena  cava.  The  rcsull 
155,  that  there  is  returned  to  the  intestine  a  sulphureted  hydrocarbon,  still 
containing  j?o  much  nitrogen  aa  to  form  a  verj*  unstable  product,  prone 
even  to  spontaneous  decomposition.  In  the  intestine  its  nitrogen  is  whol- 
ly removed  from  it,  and  the  combustible  hydrocarbon  is  then  absorbed. 

The  portal  blood,  regarded  under  the  aspect  here  presented,  is  obvi- 
..  .  ously  composed  of  two  constituents:  let.  Systemic  venou.s 
jounce  is  (he  blood  ;  2d.  Mattcrs  obtained  from  the  digestive  cavity.  We 
i-iledcnved?  ^^^^  jnquire  from  which  of  these  the  bile  is  really  derived. 

Besides  the  presumptive  evidence  arising  from  the  consideration  that 
if  the  bile  originated  trom  matters  which  bad  been  just  absorbed  from 
the  digestive  cavltj',  it  would  be  inconceivable  why  it  should  be  returned 
forthwith  thereto,  its  quality  of  extreme  instability  marks  it  out  aa  a  sub- 
stance  fast  approaching  to  tuial  disorganization  and  decomposition.  It 
bears  no  aspect  of  a  histogeuetic  or  formative  body,  but,  on  the  contrary, 
it  is  on  the  downward  course.  We  fihould  scarcely  expect  to  recognize 
it  as  a  priraaiy^  product  of  tlie  digestive  action,  but  should  seek  its  prob- 
able origin  in  some  source  of  decay. 

MHmtever  weight  may  attach  to  such  considerationB,  we  hai'e,  in  addi- 
tion, direct  evidence  which  places  the  source  of  the  bile  beyond  doubt  by 
i-cferring  it  to  the  systemic  venous  blood,  and  not  to  the  matters  just  ob- 
tained from  the  digestive  cavity. 

During  fcctal  life,  the  digestive  oi^ans  are  in  an  inactive  etate,  but  the 
liver,  which  is  largely  developed,  disehargea  its  secretion  into  the  intes- 
tine. This  secretion,  which  is  known  ae  the  nieconi;im,  iB  a  true  bile,  ap 
the  following  aimlysis  proves. 
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Ctolestorine....,, , 160.00 

Extractku  and  bilifellinic  ocid... 140,00 

C"a.ieiTi  -.    -  , , 340.00 

Biliffcltihit  ucid  and  liilin ,.     .-.     60,00 

Bilivcnlin  and  bjUrellinic:  ■cid 40.00 

Cells,  mavUJ',  aniumBn , .  2(><}.O0 

UMJCMJO 

Dr.  Davy  found  that  the  ash  left  after  the  incineration  of  a  eample  of 
inecooium  is  of  a  reddish  color,  consisting  chiefly  of  peroxide  of  iron  and 
magnesia,  witli  a  trace  of  phosphate  of  lime  and  dUoride  of  sodium. 

During  fa'^tal  life  the  liver  ia  therefore  discluurging  the  same  function 
that  it  docs  after  aerial  respiration  has  commenced,  that  ia  It  docs  not 
to  aajt  it  aecretca  bile  (meconium)  into  Ihc  inteatiiie ;  but  at  '"'"''  ^™'"  "■" 
tills  jjeriod,  since  there  is  no  true  digestion,  the  hile  can  rr«ti«'^w- 
come  from  one  source  alone,  and  that  source  is  the  systemic  venous 
bloods  There  therefore  can  remain  no  doubt  tliat,  in  after  life,  the  same 
effect  takes  place,  and  tliat  the  bile  ia  never  derived  from  materials  which 
have  just  been  brought  from  the  digestive  cavitiea. 

I  therefore  regard  the  "bile  as  an  excretion  of  materials  which  are  de- 
compomrsg  and  ready  to  Ix;  removed  from  the  system*     1  in-  .  , 

dine  to  the  supposition  that  much  of  it  ia  derived  from  the  tins  venuus 
cells  of  the  blood,  the  life  of  winch  is  only  temporary,  for  the  ^^'^^' 
c&aein  of  the  meeonium  is  notliing  but  the  globulin  of  tiic  cclla,  the  two 
substances  being  chemically  allied,  and  the  predominance  of  iron  in  the 
aeh  of  meconium  eeems  to  esfabli(?h  a  connection  with  hariiatin*  Slore- 
over,  this  opinion  ia  supported  by  the  remarkable  atability  of  many  of 
the  nitrogenized  coloring  matters,  the  analogies  between  Im^niatin  and 
chlorophyl,  and  partieukrly  by  the  fact  that  in  the  herbivora  the  coloring 
matter  of  the  bile  k  undiatinguishable  trom  clilorophyl,  and  in  most  oth- 
er tribcR  cloaely  allied  thereto. 

In  any  discussion  of  the  action  of  the  livcrj  it  ia  thus  to  be  constantly 
home  in  mind  that  tlie  portal  blood  consists  of  two  distinct  portions,  sys- 
temic venoufi  blood  and  matters  absorbed  from  the  digestive  apparatus. 
Derived  from  the  iirst  of  tlicse  portions,  we  trace  the  origin  of  the  bile  to 
the  waste  of  the  tissues,  or  to  tlic  blood-cells  on  their  downward  career ; 
and  hence  we  arrive  at  the  important  conclusion  tiiat  every  proximate 
ronstituent  of  the  bile  pre-exists  in  the  eystenjic  venous  blood. 

Lehroann,  incbning  to  the  view  that  the  formation  of  the  bile  occurt* 
in  the  liver  itself,  quotes  tlic  expcrinienta  of  ^lidler  and  AUemiiistode-- 
Kune,  who,  after  tyinE  the  portal  vein  and  applvini:;  ]lm-  tc.;trin>ilcftdd 

,  1  I'lT-i'  and  bile  pfff- 

tures  to  all  the  pomta  of  attachment  of  the  hver  m  frogs,  ex-  ni,.t,t  \u  ii,e 
lirpated  that  organ,  and  collected  the  blood  of  those  whJcii  '''™**- 
survived  the  operation  for  two  or  three  davf,  by  amputating  tiitir  ihtjrlip. 
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It  was  expected  that  in  this  blood,  bile  pigment  and  cholic  acid  would 
be  tbiind  if  the  origbal  formation  of  thosG  substances  took  place  exter- 
nally to  the  liver.  Such  did  not  prove  to  be  the  case.  It  mav,  howevex, 
be  justly  inferred  that  no  reliable  coacluaion  can  be  drawn  after  opera- 
tions of  Buch  magnitude  and  fleverity. 

The  alleged  inability  to  detect  the  constituents  of  the  bile  in  the  blood 
Cttuaecfthia  of  the  portal  vciii  ia  probably  due  to  the  defects  of  our  ana- 
tecti'nff'bilc  in'  'j^^'^^  processes,  for  it  is  very  clear  from  the  circumstance 
the  biuod.  that  the  bile  which  is  poured  into  the  intestine  must  be  reab- 
sorbed, with  tlie  exception  of  its  coloring  material,  either  by  the  lactcala 
or  the  veins,  or  by  both,  since  it  is  not  found  in  the  excrement.  Through 
whichever  of  these  channels  it  passes,  it  must  therefore  regain  the  gen- 
eral elucidation,  for  it  can  not  be  supposed  that  in  the  short  period  of  its 
couriie  it  could  have  undergone  complete  metamorphosis. 

We  may  therefore  assume  that  the  proximate  ingredients  of  bile  pre- 
exist in  the  blood,  and  this  conclusion  is  enforced  by  tlie  fact  that,  after 
tying  the  vena  porta,  bile,  though  in  a  diminished  quantity,  is  still  se- 
creted. The  same  alao  occurs  in  those  cases  of  nialformation  in  whicli 
that  vessel,  instead  of  ramifying  into  the  liver,  empties  directly  into  the 
vena  cava.  When  there  is  any  failure  or  delay  in  the  removal  of  bile 
from  the  system,  the  effects  are  Buch  as  might  even  be  predicted,  nervous 
disturbance  ensuing,  and  eventually  all  tlie  symptoms  of  poisoning.  The 
circumstance  that  this  last  effect  often  takes  place  suddenly,  has  Ijeen  by 
some  supposed  to  be  dependent  on  the  necessity  for  the  btle  to  accumu- 
late* to  a  certain  extcTit^  but  it  is  much  more  likely  that  it  is  determined 
by  the  metamorphosis  of  the  decomposing  bile  having  reached  a  certain 
[xjint,  when,  special  poisonous  products  have  spontaneously  arisen  from  it. 
Bile,  from  whatever  animal  it  may  have  been  derived,  contains  a  resin- 
■Coaatitutionor  ous  soda  Sfllt,  a  coloring  material,  eholertterme,  and  mucus. 
^^'  Tiie  acid  of  the  soda  salt  is  the  taurochoUc  or  glycoclio- 

Hc.  The  coloring  matter  in  carnivorous  and  omnivorous  animals  is 
brown,  the  cholepyrrhin  of  Berzelius  ;  but  in  birds,  fislies,  and  amphibia. 
it  ia  green,  biljverdin.  Strccker  makea  the  curious  remark  respecting  th<- 
bile  of  fishes,  that  in  those  which  are  of  salt  water,  potaj^h  salts  predom- 
inate ;  and  in  those  of  fresh  water,  soda  salts.  Among  the  ulticuatc  ele- 
ments occurring  in  the  bile,  and  being  of  special  interest,  may  be  men- 
Ctrastiiation  of  tioncd  sulphur,  which  exists  in  taurine,  of  which  the  com- 
i«oriae.  position  IS  C^,  IL,  N,  R^,  Og.     It  m.iy  be  obtained  from  ox- 

gall; it  has  likewise  been  made  ariiticially  by  Sttccker  from  the  iaethi- 
onate  of  ammonia.  It  is  dlatinguished  by  evolving  anlphuroua  acid 
when  burnt  In  tEie  open  air.  It  docs  not  exipt  m  the  bile  in  an  insu- 
lated condition,  but  probably  as  an  adjunct  to  cholic  acid»  and  has  been 
found  in  that  3ecretion  of  both  hot  And  cold-blooded  animals.     It  has. 
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liowever,  been  aseerted  that  sulphur,  and  therefore  taurocholic  acid,  doew 
not  exist  in  the  bile  of  the  hog. 

The  biic  is  secreted  nioie  dowly  during  a  long  period  of  fasliiig,  and 
more  rapidly  during  normal  nutrition-  To  a  certain  extent,  prcwJuction  of 
tlus  variable  rate  depends  on  the  general  principle  that  a  ''''''■ 
gland  acts  more  energetically  in  proportion  as  the  supply  of  blood  sent 
to  it  is  greater.  If  not  wanted  for  the  present  purpoaoT  the  produet  is 
stored  up,  for  a  time,  in  the  gall-bladder. 

When  the  bile  3ias  been  long  retained  in  the  gall-bladJcr,  it  becomep 
concentrated  through  the  removal  of  a  portion  of  its  water:  change  of  bUf 
it  also  undergoes  a  cliangc  of  color.  In  annuals  whose  he-  ■''""cn'ttfaiio'ii- 
patic  bile  is  yellow  or  brown,  the  eygtic  bile  ha3  a  tendency  to  green,  a 
cliange  of  color  dependent  on  partial  oxidation,  occasioned  by  the  arte- 
rial blood. 

Tlic  flow  of  bile  takes  place  with  dift'erent  degrees  of  rapidity  at  dil- 
ferent  diurnal  iwrioda  :  thu3  it  reaches  its  maximum  in  from  „  .  ,   - 
thirtecn  to  fifteen  hours  after  the  last  full  meal,  and  then  iuiuui  now  *>f 
rapidly  diminishes.  ^"' 

Bidder  and  Schmidt  estimate  the  diurnal  eecretton  in  an  adult  at  54 
OK.,  contaiuiug  5  per  cent,  of  solid  matter,  an  cstiinato  which  is  undoubt- 
edly too  high,  eo  far  a^  an  average  diet  and  state  of  health  are  involved. 
It  is  asserte^l  that  a  diet  of  flesh  tends  to  produce  more  bile  than  one  of 
a  purely  amjlaceous  kind.  Even  the  use  of  a  lai'ge  quantity  of  water 
increases  its  amount,  and  this  as  regards  its  solid  constituents-  Reme- 
dial agents  act  in  various  ways.  Calomel  incrcaBca  tlie  fluEd»  but  di- 
minishes the  Bolid  constituents.  Carbonate  of  soda  diminishes  both- 
AgaiiLf  there  are  great  variations  in  the  rate  of  its  production:  the  eircum- 
etanec  just  mentioned,  that  its  maximum  flow  irf  several  hours  after  the 
maximum  digestion,  is  important  as  regards  tlie  explanation  of  ita  forma- 
tion, showing  eignificantly  that  it  is  not  direetly  produced  from  matters 
recently  absorbed  from  the  intestine,  but  from  the  systemic  venous  blood. 

But  the  liver  haa  other  duties  to  discharge  besides  the  Hcparation  of 
bile.  It  gives  origin  to  sugar  and  fat^  as  is  proved  by  the  Other  duties  ^r 
circumstance  that  the  blood  of  the  hepatic  veins  is  richer  in  ^f(fpa'p"j'uc- 
those  ingredients  than  tlie  blood  of  the  portal.  In  this  re-  iny  iji'"- 
spect  its  action  seems  more  particularly  to  be  that  it  converts  other  atsg- 
ars  into  the  particular  form  known  as  liver-sugar,  which  it  can  also  pro- 
dnce  from  the  transforming  dbuniinous  bodies  ;  it  forms  fat  from  sugar, 
and  make*  firom  certain  other  fats  the  Bpccial  one  known  as  liver-fat.  Li 
tliis  duty  of  formmg  sugar  and  fat,  it  exhibits  an  inverse  power  of  action ; 
as  the  production  of  the  one  predominates,  that  of  the  other  declines. 

From  the  [wmt  of  view  wlneli  we  have  now  reached  through  this  de- 
aciiption,  we  are  able  to  see  the  double  duty  which  this  great  gland  dis- 
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The  liver  does  choTges,  ai]d  must  corroctj  to  a  certain  extent,  the  popular 
not  form  bile,  theory  of  its  action.  Does  the  Jiver  really  eecrete  bile  ?  le 
it  the  business  of  the  eo-ealled  bile-aecreting  cells  to  i\'ithdra\v  the  coriBtit- 
uentg  of  that  liquid  from  the  blood,  and  combine  them  together  into  this 
viscid  yellow  liquid?  I  think  not;  for  it  ia  a  matter  of  tlemonatralion  thai 
not  only  every  constituent  of  the  bile,  but  the  bile  itself,  pre-esistH  in  the 
blood,  and  it  is  just  as  un philosophical  to  burden  those  cells  with  the 
duty  of  forming  it  as  it  would  be  to  believe  that  a  Uke  agency  is  needful 
fcH-  the  appearance  of  urea  in  the  kidney.  Moreover,  we  muat  constantly 
bear  in  mind  the  c^strenw;  instability  of  this  substance^  how  readily  tlie 
yellow  bile  of  camivoroua  animals  becomes  green  by  partial  oxidation, 
and  tte  green  bile  of  the  herbivora  yeWow  by  deoxidation*  It  spontane- 
oufily  changes  in  its  downward  career,  and  any  differences  in  quality  or 
character  wJiich  we  might  impute  to  the  action  of  the  cells  upon  it  may 
be  equally  well  attributed  to  ita  ovi-n  inherent  principle  of  change. 

For  these  reaaona,  I  Ijelievc  that  the  bile  simply  transudes  fi-om  the 
Manner  of  blood,  and  that  the  cells  of  the  lobules  have  no  special  relation 
f^aiovhvyit.  ^Q  it  beyond  tliis,  that  it  oozes  past  their  interstices,  or,  perhaps, 
by  physical  imbibition,  finds  access  (o  their  interior.  I  eee  no  reason 
that  tlicse  cells  should  form  it  when  it  pre-exists  in  the  blood,  nor  does 
(he  stale  of  the  affluent  and  effluent  blood  ofl'er  any  contradiction  to  this 
conclusion.  In  all  discussions  of  the  functions  of  thia  organ  founded 
upon  a  comparison  of  the  portal  and  hepatic  venous  blood,  the  relative 
quantity  of  water  which  they  contain,  and  its  great  and  even  rapid  fluc- 
tuations, should  always  be  borne  in  mind.  As  miglit  be  expected,  portal 
blood  contains  far  more  water,  and,  even  after  abundant  drhiking,  the 
aniount  in  the  hepatic  venoua  blood  has  by  no  means  increased  to  the 
extent  that  might  have  been  expected.  It  is  for  these  reasons  that  the 
bile  varieg  so  greatly  at  different  jreriods  in  its  specific  gravity  and 
fluidity. 

The  blood  of  the  portal  vein  is,  moreover,  periodieally  varying  in  its 
VariatioD  in      constitution,  according  to  the  state  of  activity  of  the  organs 

[il.VSep«r-  *'^™  ^^'^^  1^  '^^  "^^"S  tl^ri^'ed.  In  the  first  atages  of  digea- 
ul  l>l«jd.  tion  the  stomach  is  suppl^'ing  it  in  unusual  quantitiea,  and 

with  the  ingredienta  which  its  veins  have  been  absorbing  from  the  result 
of  histogenetic  digestion.  A  little  later,  the  same  thing  occui-a  with  the 
intestine.     At  another  period  the  supply  from  the  spleen  varies. 

The  explanation  which  Mr.  ITandfield  Jonea  has  recently  given  of  the 
Function  of  the  function  of  the  hepatic  cells — that  they  manufacture  llver- 
hepatic  cAU.  gugar — ^deser^'cs  attentive  consideration,  more  particularly  if 
we  likcwiae  impute  to  them  the  production  of  liver-fat ;  for  this  would  at- 
tach them  rather  to  the  ramifications  of  the  hepatic  veina  as  a  part  of  their 
instrumental  mechanism,  and  assign  them  only  a  very  indirect  relation  to 
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the  bile-ducts.  The  contradictoiy  statcmentB  wliicli  have  been  made  by 
the  most  eminent  anatomiats  respecting  tlio  connection  ot"  the  bil'C-ducts 
and  the  bile-cells- — some  believing  that  the  bile-ducts  are  covered  inte- 
riorly with  (he  eelJs ;  others,  tliat  the  ducts  end  on  tbe  outside  of  the 
lobulee  %  others,  that  the  passages  reported  to  have  been  aeeii  among  the 
cells  arc  interstitial  chunnels  and  not  proper  vessels — make  it  just  as 
probable,  anatomically^  that  the  cells  belong  to  the  hepatic  veins  as  that 
they  belong  to  the  biliary  ducts. 

It  is  true  that  tliere  may  be  a  mtxed  action,  and  that  presence  of  bil- 
iary matter  may  l>e  necessarj'  to  the  3ugar  and  fat  producing  agency. 
Tkis  interworking  and  mutual  dependency  of  functions  is  not  without  a 
[mraUch  Thus  the  lungj  viewed  as  a  secreting  or  excreting  gland,  has 
for  its  object  the  removal  of  carbonic  acid  from  the  system ;  but  it  also 
discharges  another  duty,  wJiich  is  dependent  for  ita  aecomplishraent 
apon  the  physical  or  chemical  qualities  of  the  hfEmatin  of  venous  blood, 
the  introduction  of  oxygen  by  aerating  or  artcrializing.  But  the  excre- 
tion of  catlioinc  acid  and  the  introduction  of  oxygen,  though  separate 
physiological  events,  and  to  be  spoken  of  as  distinct  tiinctions  of  the 
lung,  are  yet  nevertheless  interconnected ;  tlie  one  is  essential  for  the  ac- 
complishment of  the  other,  and  the  one  eH'ect  is  made  the  means  by 
which  the  other  is  brought  aliout. 

So  it  may  be  in  the  liver:  tlie  contact  of  bile  with  the  secreting  celli? 
may  be  essiential  to  their  sugar  or  fat  producing  action. 

The  deposit  of  fat  and  the  jiroduction  of  bile  seem  to  be  inversely  as 
each  other.  Bidder  and  Schmidt  found  that  tkt  animals  RclAiion  ofihie 
yield  less  bile  than  lean  ones,  and  that  when  tiiev  were  fed  ^""P*"'  °rrat 

J  *  3.1111  jirOduclion 

on  fat  the  quantity  waa  BTnaller  than  in  the  case  of  animals  oruie. 
fed  on  a  less  fatty  diet.  From  such  facts,  the  inference  has  been  drawn 
that  the  accumulation  of  fat  is  in  consequeiice  of  a  diminution  of  the  se- 
cretion of  bile,  and  not  that  the  diminution  is  the  consequence  of  the  an- 
imal being  fat.  In  such  discussions  it  shoubl,  however,  lie  recollected, 
that  the  fats  do  not  furnish  all  the  substances  required  for  the  produc- 
tion of  bile,  but  only  a  limited  portion  thereof.  Thus  there  are  reasons 
for  the  belief  that  sugar,  lactic  acid,  or  some  other  allied  body  is  essen- 
tial to  that  process,  and  it  is  very  clear  that  so  too  arc  the  materials 
furnished  from  the  decay  of  the  cells  of  the  blood. 

With  respect  to  the  production  of  sugar  in  the  liver,  it  may  Te  re- 
marked, that  the  quantity  of  that  substance  in  the  solid  res-  pp(^^^j(,,iy„  ^i 
idue  of  the  aerum  of  hepatic  blood  ia  from  ten  to  sixteen  sugur  ami  fic 
timea  greater  than  in  the  same  residue  from  the  portal  blood  ;  ^^  '  ^ 
and  in  animals  undergoing  starvation,  though  no  siigar  could  Iw  found  in 
portal  blood,  it  occurred  to  such  an  extent  in  the  corresponding  hepatic 
reno^ua  blood,  that  Lehmann  found  that  ita  quantity  could  be  determined 
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bj  fermentation.  From  tliia  tliere  can  be  no  doubt  that^  in  tlie  cliangcs 
wliich  are  occurring  during  the  passage  of  the  blood  through  the  liver, 
there  is  a  production  of  eugAr,  and  this  eeemg  to  be  connected  with  a  dim- 
inution in  the  quantity  of  fat;  for  if  an  excess  of  fat  and  a  deficiencj- 
of  sugar  enter  that  organ,  and  their  quantities  are  inversely  changed  ai 
their  emergence  from  it,  it  would  appear  that  fat  may  be  decomposed  act- 
ually, as  we  know  is  possible  liypothctically,  iiita  eliolic  acid  and  sugar- 

But  with,  respect  to  taurine,  the  adjunct  of  the  cholic  acid,  since  it  ia  a 
^     .  nitrogenized  body,  we  are  obliged  to  seek  for  it  in  eome  otli- 

from  blood-  er  souTcc,  and  thifl^  it  would  api>ear  from  the  facts  set  forth, 
'*  *■  must  be  the  regressive  metamorjihosia  of  the  blood-cell*'. 

Taurine  has  not  as  yet  been  detected  in  the  portal  bloods  It  can  not  b- 
supposed  that  the  gulpimrie  acid  of  the  portal  blood  is  uaed  by  deoxida- 
tion  111  the  preparation  of  free  sulphur  for  the  taurine,  since,  if  auy  thing, 
the  quantity  of  that  acid  in  tlic  hepatic  venous  blood  is  increased.  Fi'om 
whatever  source  ii  may  have  been  derived,  the  aulphur  of  taurine  entered 
the  liver  in  an  unoxidized  eta,te. 

"When  we  reflect  that  the  bile  ia  the  product  of  decay,  that  it  pre-ex- 
ists in  the  l>lood,  that  on  its  arrival  in  the  intestine  a  part  of  it  ie  cast 
out  with  the  fiucal  matter,  it  seems  very  unlikely  that  an  immense  cell 
apparatus,  constituting  the  largest  gland  in  the  whole  system,  should  be 
Analogies  in  nuccBsary  for  its  removal.  But  wlien  we  moreover  rofiecl 
SLdliK  lualir"  *'"*'■  ^^'  '■^'^  mechajiism  of  plants,  fi-oni  giun,  or  rather  from 
and  rm.  carbonic  acid  and  water,  under  the  agency  of  cells  in  the 

leaves  or  oilier  &tructurepi,  both  ougar  and  oUh  arc  fomieil,  we  recognize 
t!iat  tliero  ia  a  connection  lietween  those  organisms  (uid  these  products. 

Sir  Bernard's  experiments  seem  to  bIiow  that  the  Bugar-fonning  func- 
Inflnrnco  of  ^ion  of  ihc  liver  may  be  morbidly  increased  by  wounding  the 
iliip  i-m-uiiiii-  medulla  obloncala  near  tlie  origin  of  the  uncumofcastnc  nciTC. 
an  ihe  tiuanti-  OT  liy  the  applicatjon  01  galvanism  to  the  same  jiart,  an  arti- 
lyofsufflr.  ficial  diabetes  cii&uing,  and  tlila  within  a  kw  minutes  after 
the  operation,  but  it  usually  ceases  after  two  or  three  days.  It  is  accom- 
panied by  a  gi'eat  derangement  of  respiration,  a  lowering  of  the  temj>era- 
ture,  and  a  venous  condition  of  the  arterial  Ijlood,  It  by  no  means  fol- 
lows, however,  that  the  excess  of  sugar  observed  in  Bernard's  experi- 
ments arises  from  an  increased  action  of  the  liver,  or  an  increased  energj" 
of  the  sympathetic  nerve  :  it  may  be,  as  Hcynoso  asserts,  attributable  to 
the  injury  inflicted  on  the  pneunioga^itric,  and  diminished  respiration. 
The  administration  of  ether  and  chloroform,  the  coiulitioiis  of  old  age  and 
tcetal  life,  the  influence  of  many  diseases,  as  chronic  bronchitis,  astlnna, 
pleurisy,  all  present  a  tendency  to  the  accumulation  of  sugar  in  the  urine. 
the  sources  in  each  of  these  cases  being  attribulablo  to  respiratory  dis- 
turbance :  for  if  any  thing  oecurs  to  retard  or  delay  tlie  destruction  by 
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oxidation  of  tiie  sugar,  constantly  formed  hy  tlie  liver,  the  acctmiulatioji 
will  make  its  appearance  in  the  urine.  The  appearance  of  Baccharini! 
matter  in  that  accretion  may  be  equiilJy  well  attributed  to  its  noti-de- 
stmction  in  the  system  generally  as  to  its  over-production  by  the  hver. 

This  gland,  besiclea  producing  sugar  and  fat,  is  the  scat  in  which  thi" 
worn-out  blood-cells  (ire  rinally  disintegrated,  and  probably  p(.g^p^p(.  „  ^^ 
the  young  ones  puaiied  forward  tiirougli  a  certain  stage  of  Wnod-ccils  in 
their  development ;  advantage,  moreover,  being  incidentally  *^^  "'"^'' 
taken  of  the  secreted  bile,  which  jiossessea  properties  useful  though  not 
essential  for  promoting  the  digestion  and  absorption  of  fatty  material, 
perhaps,  also,  of  imparting  n,  dclinite  course  to  the  transmutation  of  the 
aemi-digested  material  in  the  intestine,  and  tliis  both  as  regards  nitro- 
geuized,  amykccoug,  and  fatty  bodies.  Of  the  influence  of  the  bile  hi 
promoting  the  absorption  of  fat,  the  physical  experiments  which  have 
been  allndcd  to  leave  no  doubt  5  but  that  these  uses  are  of  a  secondary 
or  non-esscntifd  kind,  and  are  only  taken  advantage  of  in  an  indirectly  eco- 
nomical way,  is  established  beyond  all  possibility  of  a  doubt  by  the  fact 
that  animals  can  live  for  a  long  timc^  even  for  months,  without  the  pas- 
sage of  bile  into  the  intestine,  provision  having  been  made  for  its  escape 
externally  through  an  artificial  fistulous  orifice. 

These  conclusions  respecting  tlic  functions  of  the  liver  arc  in  harmony 
with  the  appearances  presented  by  the  blood  leaving  and  entering  it : 
the  predominance  of  colorless  blood-cells,  and  of  young  cells  well  ad- 
vanced toward  pertcction  in  the  formerj  and  of  wasted,  worn-out  ones  iji 
the  latter;  with  the  fact  that  the  maximum  secretion  of  bile  docs  not 
take  place  until  more  than  half  a  day  after  the  ingestion  of  food;  and 
that  during  Itctal  life,  in  which  there  13  no  food,  either  in  the  stomach  or 
intestine,  to  be  digested,  the  liver  ia  nevertheless  in  high  activity,  and 
bile  is  secreted. 

In  \iGW  of  all  the  preceding  facts,  we  may  therefore  finally'  conclude 
that  there  are  at  least  four  distinct  operations  conducted  in  the  liver;  1. 
The  production  of  sugar  and  fat ;  2.  The  sejiaration  of  the  bile  ^  3.  The 
destruction  of  old  blood-cells ;  4,  The  completion  or  perfection  of  young 
blood■^;cll3,  perhaps  by  receiving  their  iron.  With  respect  to  these  it 
may  be  remarked, 

First,  The  formation  of  sugar  and  fat,  either  from  carbohydrates,  or 
what,  in  this  instance,  is  more  probable, from  albumcnoid  bod-  Gmitrnl  sum- 
ies  brought  by  the  jwrtal  vein,  can  no  longer  be  doubted.  JJ^a'cf^iheX- 
The  prevalence  of  liver-sugar  and  liver-fat  in  all  that  region  cr- 
of  the  venous  circulation  included  between  the  liver  and  the  lungs  must 
be  attributed  to  this  source.  That  the  sugar  undergoes  rapid  metamor- 
phosis in  the  pulmonary  or^ns  is  plainly  proved  by  the  effecta  of  irri- 
tation of  the  pneumogastrica,  wbicli,  interfering  with  the  function  of  res- 
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piration»  pennit  this  snbstance  to  reach  the  aortic  circulation,  from  which 
it  is  removed  by  the  kidneys,  a  diabetes  ariaing.  So  far  as  the  prepara- 
tion aiid  couTise  of  this  sugar  is  concerned,  the  liver  ia  a  ductless  gland, 
and,  with  Mi.  Handfield  Jones,  I  believe  that  the  ceUa  of  tlie  liver  are  the 
agents  which  accomplish  this  duty.  The  production  of  tat  appeaxs  to  be 
inversely  aa  that  of  sugar.  In  the  crustacean  bile-sac,  J^iff,  82,  we  see 
the  gradual  stages  of  its  appearance ;  and  the  production  of  both  bodies 
ja  well  illustrated  in  the  life  of  plants. 

Second.  The  bile  is  separated  from  the  blood  portion  of  the  portal 
blood,  and  not  from  the  products  of  digestion  obtained  from  the  chylo- 
poietic  viscera.  The  elements  of  bile  I  believe  to  prt-exist  in  the  blood, 
and  to  escape  from  the  portal  veinleta  to  the  bQiary  ducts  by  mere  filtra- 
tion or  fitrainage.  The  precise  source  from  which  the  bile  is  derived 
is  probably  the  blood-cells,  and  in  tlie  clianges  which  they  are  under- 
going the  spleen  is  perhaps  concerned.  If  this  be  so,  the  bile-duct  is 
as  much  a  duct  for  riie  spleen  as  it  ia  for  the  liver  itself.  The  bile  may 
almost  be  looked  upon  as  a  hydrocarbon,  containing  a  very  changeable 
and  therefore  noxious  coloring  material,  which,  when  the  secretion  reach- 
es the  intestine,  is  parted  from  it  and  dismissed  with  the  ffficcs,  the  prop- 
er hydrocarbon  being  taken  up  by  the  absorbing  arrangement  for  hydro- 
carbons,  the  lactealst  and  bo  sent  through  the  thoracic  duct.  Perhaps, 
also,  by  reason  of  its  special  adaptedness  for  that  purpose,  it  aida  in  the 
absorption  of  other  fats. 

At  this  point  it  may  be  remarked  that  the  view  hero  presented  of  the 
sugar-forming  and  bile-straining  functions  of  the  liver  appears  to  be 
greatly  strengthened  by  the  anatomical  construction  of  that  organ. 
There  is  no  obvious  communication  between  the  portal  and  hepatic  vein- 
lets  save  through  cells,  but  the  portal  veins  and  the  bile-ducte  run  in 
tlieir  ramiiications  side  by  side. 

Thii'cln  Whatever  part  of  the  disintegration  of  old  blood-cells  takes 
place  in  the  spleen,  their  final  ttestmction  is  doubtless  accomplished  in 
the  liver,  this  being  the  immediate  source  from  which  the  bile  itself  is 
derived.  Though  these  metamorphoses  are,  to  a  greater  or  less  extent, 
occurring  throughout  the  circulation,  it  is  in  these  two  great  glands  that 
an  opportunity  is  afforded  for  the  destruction  to  reach  its  completion,  and 
the  resulting  product  of  waste  to  be  removed;  nor  is  there  any  thing  in 
this  view  at  all  contradictory  to  the  opinion  I  have  enforced,  that  all  the 
constituents  of  the  bile  may  be  found  in  the  general  circulation. 

Fourth.  The  liver  also  aids  in  the  preparaHon  or  maturation  of  young 
blood-cells  in  an  indirect  way.  There  are  certain  of  the  mineral  constit- 
uents of  the  disintegrated  cells  too  valuable  to  be  cast  away,  since  they 
can  slibserve  the  duty  of  entering  into  the  eompoaition  of  young  cells 
passing  toward  perfection^     As  such  a  substance  may  be  mentioned  iron. 
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This  view  of  the  action  of  the  liver  appears  alao  to  be  sustained  by  the 
Urge  number  of  atar-like  and  corrugated  Uood-cclla  occurring  in  the 
portal  blood  of  faating  animals,  and  which  are  replaced  by  such  as  ftppeai 
to  tie  young  and  perfect  in  the  blood  of  the  hepatic  veina.  It  is  not, 
however^  to  be  supposed  that  all  the  iron  ia  economized  in  this  maiiner ; 
a  considerable  portion  of  it  accompanies  tlie  pigment  a^  an  essential  in- 
gredient, and  J3  finally  diacharged  through  the  intestine. 

OF  Tim  BUCTLESa  GLANDS. 

The  salivary  and  Budoriparoua  glands  discharge  their  secretion  directly 
through  ducta.  The  liver  fuid  kidneys  have  upon  their  ducts  Th^  ducUos* 
an  additional  mechanism,  the  gall  bladder  in  the  one  case,  and  glands. 
the  urinary  in  the  other,  which  aerve  as  receptacles  for  storing  up  the 
product  of  action  in  a  temporary  manner,  and  so  converting  the  eontinu- 
OTia  effect  of  the  gland  into  a  periodical  result.  In  each  of  theae  instancea 
we  may  arrive  at  conclusions  of  a  certain  degree  of  exactness  respecting 
the  fknctiona  and  use  of  the  gland  from  a  study  of  the  eecretion  it  yields  ; 
bnt  there  are  in  the  system  other  glandular  organs  which  differ  essen- 
tially &om  all  the  preceding  in  not  being  fiunished  with  ducts.  Theae 
are  the  spleen,  the  thymus  and  thyroid  glands,  and  the  supra-renal  cap- 
sules. 

Btuch  diversity  of  opinion  prevails  respecting  the  true  nature  and  ac- 
tion of  tliese  bodies.  From  their  Btructure  bearing  a  resem-  ■jii.:ir  aapposed 
blance  to  that  of  the  preceding,  ivith  the  exception  of  the  ab-  funcdona. 
sence  of  a  duct,  many  have  thought  that,  hke  them^  they  arc  rc^-Jly  secret- 
ing organs.  Others  have  supposed  that  they  have  a  relation  to  tlie  nu- 
trition of  the  system^  in  gi'^'ing  origin  to  the  development  of  cells,  or  that 
they  are  connected  with  the  organization  of  the  blood  itself;  and  that 
3uch  is  their  duty  is  perhaps  rendered  probable  by  the  circumBtance  that 
isortie  of  them,  as  the  thymus  and  thyroid,  exhihit  their  utmost  develop- 
ment when  the  body  ia  rapidly  growing,  and  diminish  when  maturity  ia 
reached.  That  they  enjoy  a  community  of  action,  or  that  their  function 
can  be  vicariously  discharged  by  other  organs,  haa  been  clearly  estab- 
lished by  the  result  of  operations  in  which  one  or  other  of  them  has  been 
extirpated^ 

With  respect  to  the  spleen,  the  views  of  Professor  Kolliker  are  sup- 
ported by  many  facts.  He  supposes  that  one  of  the  chief  func-  FimctLon  of 
tions  of  that  gland  is  the  dissolution  of  the  disorganizing  blood-  ^^^  Bploen. 
cells  preparatory  to  the  action  of  the  liver,  in  which  htematin  is  to  be 
converted  into  the  coloring  matter  of  the  bile.  In  the  discussion  entered 
into  respecting  the  origin  of  the  bile,  we  have  come  to  the  conclusion 
that  it  is  derived  from  the  systemic  venous  blood,  and  in  the  supposition 
here  presented  respecting  the  iiinction  of  the  spleen  there  la  nothing  con- 
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tradictorj,  for  it  is  to  be  reiuembered  that  tlie  blood  of  the  spleen  ia  a 
constituent  of  the  portal  circulation.  It  also  appears  to  be  a  general 
opinion  that  the  spleen  likewise  maintains  a  mechanical  relation  to  the 
portal  mechanism  by  serving  as  a  receptacle  for  any  excess  of  blood, 
and  thus  relieving  the  vessels  of  pressure,  or  by  acting  in  like  manner 
when  there  is  any  obstniction  to  tlie  passage  of  blood  tlirough  the  liver. 

As  our  knowledge  of  the  action  of  the  ordinary  glanda  becomes  more 
Aniilci^  of  ihfl  accurate,  the  function  of  the  ductless  glands  loses  much  of 
wUMte'duct.  '**^  peculiarity.  Aa  wc  have  already  stated,  in  a  certain 
loM.  sense  the  liver  itself  may  be  said  to  be  a  ductless  gland,  for 

it  appears  to  be  one  of  the  constant  duties  of  that  organ  to  prepare  sugar 
from  materials  in  which  it  did  not  pre-exist.  And  this  sugar  does  not 
escape  through  the  hepatic  ducts  in  company  with  the  bile,  but  ia  taken 
directly  into  the  system  through  the  hepatic  veins.  But  this  principle 
of  action  i&  identically  what  occurs  in  the  case  of  every  ductless  gland, 
and  hence  it  may  be  inferred  that  the  changes  which  thc^e  impress  on  the 
blood  are  necessary  for  the  development  and  nutrition  of  tite  system.  If 
the  doctrine  of  KoUiker  be  correct,  the  spleen  is  only  an  appendix  to  the 
liver,  and  the  same  duct  answers  as  a  common  outlet  for  both- 

The  views  here  alluded  to  are  enforced  by  the  examinations  which 
Nature  of  havc  been  made  of  the  blood  of  the  splenic  vein.  The  fol- 
splecic  biood.  ig-^-ijig  table  exhibits  the  contrast  between  it,  that  of  the  ex- 
ternal Jugular,  and  that  of  the  mammaiy  artery. 

Qrnstitutioii  qfSfiknic  Blood.     (From  Sdurer.) 


SLdiiiiJUDF}'  Art^TT. 

ExL  JuiiruUr.     1     SploDld  Vain.     1 

Water 

Corpusclea  lULtl  fibriD.,.. 

75U.G0 

89.50 

169.90 

7  7a.  DO 

79.40 

141.70 

746.34) 

\24A<i 

.40 

KKW.UU          1        1000.00 

1000.00 

From  which  it  appears  that  the  blood,  after  circulating  through  the 
spleen^  has  lost  a  large  portion  of  its  cells,  the  relative  quantity  of  its 
albumen  is  greatly  increased,  and,  moreover,  from  being  the  basic  albu- 
mmate  of  soda,  the  form  under  which  it  ordinarily  occurs  in  the  blood, 
it  has  become  the  neutral  albuminate,  as  is  proved  by  a  turbid  appear- 
ance on  the  addition  of  water,  and  this  state  it  seems  to  retain  during 
the  portal  circulation,  for  the  blood  of  the  hepatic  veins  exhibits  the  same 
peculiarity. 
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CILVPTER  XII. 

OF  EXCRETIOM. 

TRE   UBINE,  mLK,  A-VD   CUTiJfBOUa   EXCEETIOSS. 

SctT&ion  and  Excrr*h'i. 

Of  ihe  Kidnrp:  iu  StrTtclWP  tuut  J'vnclions. —  71ie  Maiptghian  Cirmlation. —  T7/?  Vrine .-  iit  lu- 

rfT^dieiiln,  their   Variatwm  ^md  Sjmt/x». — Ahj\t>rm(ii  Si^iKlTKfi  t'n  U.^Jlif  Walrr  and  SalU 

trtidi  III/  Fiitrolkm. —  Tfie  CfUa  rtmcve  unoxitUxed  liodits. — ifuima-  f>f  Removal q/^ l/ce  Liquul 

from  ihe.  Matfiighitttt  Sac, 
Of  the  Mniujiiarif  Gland:  its  Stmrlvrf. —  Cofojitrum  nurl  JifiS.'. — Iitrfredtfjilt  0/"  MjBc  nnrf  their 

Variatinfis. — /nfftteact  qfZMet. — Inquiry  intti  tAe  Oriyiw  iif'  the.  Ingrtsiientt  o/'  l/ic,  MiU.\  iu  Fat. 

Ckism,  Soil',  .S'uyHr. — AfiiDni.r  iff  Action  of  the  iiltaiit  hy  Slrcdnaiff. 
Of  tht  Skin. — Slmdure  of' its  Ejfidcrma  and  Derma. — Stuhnparous  and  Sflyactoui  Ghmlt. — 

NaUa. — Hiur, — Inifredioila  iifPerapirntMU.—Fxfiiil'ifiaa:  ila  Amount,— C'liisra  fif  tfie  Vari- 

abk  Action  </ tht  Skin. — Its  Dmbk  At:ti</n,- — AbKirj}:ion  ify  tJie  Skin. — General ^^'ainmary^  ■qf 

lAe  Calaneoug  Ftmctiona, 

The  function  of  wcretion  is  very  commonlj  treated  of  by  phyaiolo 
giats  under  two  divisions,  secretion  and  excretion.  The  Distinction  be- 
fonner  refers  to  tlie  separation  from  tiie  blood  of  thoise  fluids  twceu  s^i:rotioii 
whicli  are  required  for  the  uses  of  tlie  body,  and  which  are  *'"  ''*'^™  ^'"'' 
therefore  atill  retained ;  the  latter,  to  those  whidi  are  effete,  and  to  be 
east  out  as  excrementitioua  matter.  Of  secretions,  the  saliva  or  the  pan- 
creatic juice  may  be  taken  aa  examples  ;  of  excretioiig,  the  urine* 

But  thia  Bubttiviaion  is  only  one  of  convenience,  and  haa  no  naturaJ 
foundation.  The  so-called  secretions  are,  in  many  instances,  far  from 
being  more  highly  elalwrated  bodies ;  in  reality,  they  are  often  on  their 
descending  career.  And  among  excrctionat  if  milk  be  enumerated,  as  it 
ought  to  be,  since  it  is  a  dismissed  product  of  the  syatem  preparing  it, 
we  have,  instead  of  an  cxcrcmcntitious,  a  pre-eminently  nutritive  body. 

Nevertheless,  since  thig  manner  of  considering  the  subject  offers  con- 
siderable conveniences,  I  have  resorted  to  it  for  the  preceding  and  pres- 
ent chapters.  In  this  I  shall  accordingly  treat  of  the  uriiie,  the  milk, 
and  the  products  removed  by  the  akin. 

OF  TFIR  KIDNETS. 

The  prodacts  of  waste  arising  from  oxidation  in  the  ftinctional  activitj- 
of  the  syatem,  and  which  arc  of  a  non-gaaeoua  kind,  the  nae-  j,^  ,^j^^^  ^^^ 
Less  materials,  saline  or  otherwise,  which  have  been  absoi-b-  tlon  ofthakid- 
ed  in  tbe  digestive  tract,  and  carried  into  the  circulation,  '"'^' 
must  be  removed.  Gaseous  substances  and  vapors  may  paaa  away 
through  the  Ituiga,  but  solid  material  must  be  excreted  in  a  state  of  bo- 
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lation  in  water.  To  accompliBh  this  object,  a  special  medianism,  the 
kidney,  is  introdnced. 

From  this  manner  of  considering  the  functional  duty  of  the  kidney^  if 
is  very  clear  that  a  special  relation  must  exist  between  tliis  excreting  or- 
gan and  the  respiratory  mechanism,  for  in  the  ease  of  animals  which 
breathe  by  gills,  or  in  those  whichj  though  subsequently  afraospheric 
breathers,  receive  their  supply  of  aerated  blood  before  birth  by  a  placenta, 
the  conditions  imder  which  aeration  takes  place  are  such  aa  permit  the 
removal  of  solid  material  by  the  respiratory  mechanism.  The  urioarj- 
excreting  apparatus  of  an  auimal  breathing  air  is  therefore  necessanly 
burdened  with  an  exclusive  duty,  which  is  shared  by  the  gilla  and  the 
skin  in  a  water-breather. 

In  fishes,  the  renal  apparatus  is  constructed  under  tiie  condition  here 
Th  kid  in  indicated,  and  though  in  many  it  appears  to  be  greatly  de- 
birda,  fiahea,  Tcloped,  extending  as  ft  tubular  anangcraent  from  the  skull 
^  ^''°'  through  the  abdominal  cavity,  it  is  to  be  regarded  as  analo- 
gous to  the  WoUtian  bodies  ratlier  than  to  the  true  kidney.  In  reptiles 
the  proper  kidneys  appear ;  in  birds  they  are  well  developed,  but  their 
secretion  is,  for  the  most  part,  a  semi-solid  substance,  ehiefly  urate  of 
ammonia.  The  tubular  form  is  presented  in  both  insects  and  arachni- 
dans,  discharging  its  secretion  into  a  cloaca. 

In  man  the  kidneys  may  be  described  as  a  pair  of  dark-red  ovoid  bod- 
Tba  kidncjB  in  ^^3,  placcd  OHC  OH  cach  sidc  of  the  vertebral  column,  in  the 
""I-  lumbar  region,  the  right  kidney  being  a  little  lower  than  the 

left.  In  the  adult  the  kidney  is  four  or  five  inches  in  lengthy  and  ia  en- 
veloped in  a  mass  of  fat.  Blood  ia  brought  from  the  aorta  to  supply  the 
organ  by  the  renal  or  cmulgent  artery,  and  ia  carried  back  by  the  emul- 
gent  vein  into  the  inferior  vena  cava.  During  its  passage  tlu-ongh  the 
kidney  there  is  removed  from  the  blood  a  liquid  secretion,  the  mne, 
which,  £owing  down  a  long  channel,  the  ureter,  is  emptied  into  the  blad- 
der, from  which  it  may  be  periodically  removed. 

The  supra-renal  capsules  arc  bodies  of  a  yellow-red  color  placed  above 
STipra-renal  the  fcidneys.  They  are  much  larger  in  the  fcetiis  than  in  the 
eapBulea.  adult,  and  doubtless  liave  a  reference  to  the  pecuhar  conditions 
of  respiration  obtaining  at  that  time,  for,  as  we  have  just  observed,  the 
renal  and  respiratory  mechanisms  are  necessarily  interconnected. 

The  substance  of  the  kidney  is  described  as  consisting  of  two  por- 
y.  .  tions,  the  cortical  and  tlie  medullary  or  tubular,  aa  seen  in 
tnre  of  the  kid.  Fig.  S8,  in  which  1  is  the  supra-ienal  capsule ;  2,  the  vaacu- 
"*^*  lar  portion  of  the  kidney;  3,  3,  tubular  portion  grouped  into 

cones ;  4,  4,  papilhe  projecting  into  calicea ;  5,  5,  5,  the  three  iufundi- 
bula;  6,  the  pdvia;  7,  the  ureter.  (Wilson.)  From  which  it  appears 
that  the  cortical  substance  ia  the  external  portion,  and  the  tubular  is 
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grouped  into  cones,  the  base  of  each  cone  being 
outward,  and  the  point  toward  the  pelvis  of  the 
kidney.  The  cortical  substance,  however,  envel- 
ops tho  cones  nearly  to  tlieir  points.  It  ia  of  a 
ted  color,  and  ia  the  scat  of  the  secreting  action. 
The  urine,  as  it  arises,  passes  along  the  fine  con- 
vergent vcBaels,  the  urinifcrous  tubes,  and  these, 
coalescing  as  they  approach  the  points  of  the  cones, 
give  origin  to  what  are  termed  the  ducts  of  Bellini. 
From  these  the  secretion  passes  info  the  calices, 
thence  into  the  pelvis,  and  bo  along  the  ureter  into 
the  Lladder.  In  the  corticid  substance  there  are 
large  numbers  of  dark  points,  the  JIalpighian  bod- 
fiection^TTh^iddner-  leg.  Their  diameter  is  about  j^  of  an  inch. 
Mr.  Bowman  has  demonstrated  that  the  minute  structure  of  the  cortical 
portion  is  aa  follows  :  The  uriiiiferous  tubes,  as  they  approach  it,  under- 
go bifaicatiQn  in  such  a  way  that  tlie  branches  continually  arising  have, 
for  the  moat  part,  a  diameter  of  about  ^-^  of  an  inch.  As  they  enter  it 
they  are  contorted,  and  at  their  enda  present  small  capsules  or  flask' 
shaped  sacs.     Each  of  the  capsules  liS  entered  by  a  twig  of  _  ,^ 

the  renal  artery,  which  at  once  divides  into  loop-like  branch-  jiftijiigiUBa 
es  constituting  a  tuft,  and  which  delivers  the  blood  to  a  '=«n"i*:io9. 
vein  originating  in  the  interior  of  each  tuft.  These  structures  are  known 
as  the  Malpighian  corpuscles-  The  vein  and  artery  pass  out  of  the  cor- 
puscles Usually  at  the  same  point ;  the  vein,  however,  instead  of  deliv- 
ering its  blood  at  once  to  the  renal  vein^  fonns  a  plexus  on  the  sides  of 
a  oiiniferoua  tube,  in  this  simulatmg  the  mechanism  of  tho  portal  vein, 
which  begins  in  a  capillarj-  system  and  ends  in  one.  It  ia  supposed  that 
the  eiudation  of  the  water  of  the  urine  takes  place  in  the  ilalpighian 
body,  and  the  secretion  of  the  solid  portions  from  the  cells  which  cover 
the  uriniferous  tubes. 

The  chief  feature  of  this  structuje  is,  therefore,  that  in  a  sac  formed 
upon  a  nriniferoua  tube,  a  tuft  of  capillaries^  the  walla  of  wliich  are  of  ex- 
treme tenuity,  permits  water  to  e&cape  from  the  blood  supplied  by  thc' 
emulgent  artery.  The  blood,  thus  concentrated  by  loaa  of  its  water, 
passes  into  the  veinlete  which  originate  in  tJie  interior  of  the  tuft ;  these, 
converging  into  a  little  trunk,  less  in  diameter  than  the  twig  „.  .  .  , 
of  the  emulgent  artery,  escape  along  with  that  vessel  from  Un^  wood  ia  the 
the  capauie ;  but,  instead  of  discharging  its  contents  into  the  ^  *^" 
renal  vein,  it  ramifies  in  a  plexus  on  the  walls  of  a  uriniferous  tube,  thus 
affording  a  miniature  representation  of  the  portal  vein,  beginnuig  in  a 
capillary  system  and  ending  in  one.  Fiora  the  plexus  the  commencing 
capillaries  of  the  renal  veins  arise. 
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Some  anatomists  suppose  tliat  the  Malpigliinn  capsule  is  not,  in  reality, 
a  riask-like  expansion  of  the  nriniferous  tube, 
but  that  the  tube,  dilating,  folds  over  the  blood 
capillaries,  and  so  receives  them.  However 
that  may  be,  they  form  a  loose  ball  in  ita  in- 
t-erior,  taatened  to  it  only  by  tlie  arterial  twigs 
and  its  corresponding  and  juxtaposed  vein. 

The  foregoing  description  ia  illuatrated  bj" 
the  annexed  figures,  Fit/.  89  being  half  dia- 
grammatic, from  Kolliker.  I,  a  Malpighian 
capsule,  A,  witli  tbe  tubulua  uriniferus,  B,  C, 
springing  from  it;  a,  membrane  of  Malpighian 
body,  continuous  at  b  witli  the  merabrana  pro- 
pria of  convoluted  tubule;  c^  epithelium  of 
Malpighian  corpuscle;  d,  that  of  tubule;  e, 
detached  epithelium;  J\  vas  affercna^  ^.  vas 
efferens;  A,  glomerulus  Malpighianus  :  2^  three 
epithelial  cells  from  convoluted  tubule,  magni- 
fied 350  diameters — one  with  oil  tlrops. 
J^iff.  90*  Glomerulus,  or  tuft  of  blood-vessels  from  the  innermost  part 
^'^•J-  *"*-  of  the  cortex  of  the  kidney  of  the  horse :  a, 

arteria  interlobularia  ;  af^  vas  afterens ;  m  m^ 
glomerulus;  ef,  vas  cJfcrens;  A,  divisions  of 
artcriola  recta  in  the  medullary  substance. 

J^fff.  91  shoiva  the  ciliated  epithelium  of  the 
uriniferous  lube  in  the  frog :  a,  cavity  of  the 
uriniferous  tube;  A,  its  epithelium  ;  6\  ciliated 
portion  thereof ;  ^",  de-  fig.ei, 

tached  ciliated  epithelial 
cell ;  f,  basement  mem- 
brane of  the  tube ;  tr', 
that  of  the  capsule ;  m, 
cnpillaricB  of  the  tuft ; 
i,  adjacent  uriniferous 
tube. 

Mr.  Bowman's  expla- 
nation of  the  Slalpiglii- 
an  circulation  is  repre- 
sented in  J^i^.  92.  fl, 
branch  of  renal  arlery ; 
a/i  afferent  vessels  ;  ?n, 
in,  Slalpighian  tufts ;  ef, 
Momwiini  j^jn  ^the^tm™.  nuBoL-  ^j-^  efferent  vessels  ;  p,  aa^^a  urimrwwM  t«w.  or  tro-- 
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FlQ-Vi. 


their  plexus  upon  the  uriniferonB  tube ;  sU  atraight 
tube ;  ct,  convoluted  tube, 

I  am  indebted  to  Dr.  Isaacs  for  the  foUoiving  in- 
Btnictivc  figures  and  descriptions  from  bia  paper  read 
before  the  Academy  of  Medlciue.  Hia  method  of 
examination  of  the  Fi3.  pi 

minute  raecbanism 
of  the  kidnej,  hy 
rendering  small  por- 
tions of  it  transpa- 
rent, greatly  facili- 
tates these  rcacarch- 
ca.     Dr.  Isaacs^s  in- 

veefigations  are  entirely  confirmatory  of 

l£r.  Bowman's  views,  so  far  as  structure 

13  concerned.     Fig.  93  ia  a  view  obtained 

by  agitating  scrapings  of  the  kidney  of  a  MaipighiKi  iTn  n-nh  iiriniferoia  lubc,'^- 


Dlkgnm  of  MaLplgtiiAri  drcB 


mil.  94. 


Dlfl^  Tfi  dUaictOTi. 


fill.  05. 


lfWd«ftWd  «lll  4a  c&lL  migalited,  SO  dtameters. 


sheep  (which  liad  pre- 
viously been  injected 
■nith  chrome  yelloiv 
and  sulphuric  ether)  in 
a  tC3t-tube  with  water. 
Tlie  portion  on  the  left 
shows  the  tuft  alone, 
tliat  on  the  right  its 
reception  in  the  uriiiif- 
frous  capsule. 

Fig.  94  shows  the 
Lirtery,  filled  witli  in- 
jection, and  the  Mal- 
pighian  coil  or  tuft  rup- 
tured in  the  capsule. 
The  injected  material 
lies  in  broken  portions. 
Fragmeuta  of  the  in- 
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jected  vessels  of  the  coil  are  seen  passing  down  tlie  tube.     From  tlie 
kidney  of  tho  deer. 

A  di^ercnce  of  opinion  prevails  among  anatomists  aa  to  the  existence 
of  nucleated  cells  upon  the  Malpighian  tuft  or  coil  in  the  case  of  the  higher 
animals.  This  question  ia  finally  settled  by  Dr.  Isaacs  in  the  following 
manner.  An  ethereal  or  watery-colored  solution  is  injected  into  the  uie- 
ter,  50  as  to  distend  the  tubes,  burst,  and  throw  ofl"  the  capsule.  The 
cella  can  then  be  seen  upon  the  naked  tuft  or  coil.  Fig.  95  shows  the 
Malpighian  body  and  uriniferoua  tube  of  the  kidney  of  the  black  bear. 
The  artery  had  been  first  partially  tilled  with  injection,  whidi  Lad  brokeri 
the  coil  in  pieces.  The  injection  from  the  ureter  ruptiired  the  capsule, 
which  is  seen  in  ahreds.  Nucleated  cells  are  seen  on  the  naked  cod  or  tuft. 
In  the  upper  part  of  the  Jigure,  to  the  left,  is  a  broken  tuft,  on  the  right  of 
which  the  ruptured  capsule  is  perceived,  and  nucleated  cells  upon  the 
uncovered  toft.  In  the  upper  part  of  the  figure^  to  the  right,  aie  the 
fragraenta  of  a  Malpighian  tuft,  with  nucleated  cella  adhering  to  it.  The 
capsule  had  been  torn  off  with  a  fine  needle*  Ail  the  above  drawings 
were  made  under  the  microscope. 

The  urine  of  man  is  a  clear,  amber-yellow  liquid,  the  average  epccific 
The  nrina  iu  E^^*7  ^^  which  may  be  taken  at  1.020,  giving  an  acid  re- 
ijropartifl&imd  flctiou  wben  first  voided,  but  gradually  becoming  alkaline 
quan  i  y.  ^^^  turbid.  Its  composition  varies  greatly  with  preceding 
Btates  of  the  syeteni,  and  tho  nature  and  quantity  of  the  food.  It 
amounts,  in  the  course  of  a  day,  to  from  20  to  50  ounces ;  this,  however, 
depending  on  the  quantity  of  water  that  haa  been  taken,  and  on  the  ac- 
tivity of  the  skin.  Its  solid  ingredients  vary  from  20  to  70  parte  in  1000' 
of  the  mine,  the  leading  substances  bemg  urea,  uric  acid,  lactic  acid,  ves- 
ical mueus,  epitheUal  debris,  extractive,  and  salts. 

The  urine  of  carnivorous  difiPers  from  that  of  herbivorous  animala,  the 
latter  being  turbid,  and  haWng  an  alkaline  reaction ;  that  of  the  former 
transparent,  pale  yellow,  and  acid. 

From  Winter's  experiments,  it  appears  that  for  every  thousand  parts 
of  his  weight  a  man  discharges  25.9  parts  of  tirine  per  diem,  the  max- 
imum  being  46.8,  the  minimum  14-0.  A  child,  reduced  to  the  same 
standard^  discharges  47.4  parts;  but  a  eat,  fed  on  a  flesh  diet,  91.036. 
The  quantity  of  water  thus  removed  depends,  to  a  very  great  extent,  on 
the  eating  conditions  of  the  system ;  sometimes  it  is  far  less  than  would 
answer  to  the  amount  that  has  been  taken ;  sometimes,  on  the  contrary. 
more.     The  solid  material  likewise  exhibits  very  great  fiuctuationa. 

Yiewed  as  a  group,  the  constituents  of  the  urine  are  evidently  the  os- 
Ori  'n  of  the  ^^^'^^  residues  of  the  system,  which,  unable,  from  their  not 
otber  urinn  posaessing  the  vaporous  or  gaseous  form,  to  escape  through 
coMtUMnto,    ^g  lungs,  are,  from  their  Bolubility  in  water,  readily  removed 
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by  the  kidneys.  The  area  and  uric  acid  are  derived  from  muscular  de- 
ray;  perhaps,  of  the  two,  the  uric  acid  first  ariaee,  and  ia  eubaequently 
converted  info  urea ;  this  is  not,  however,  its  exctuaive  source,  aince  the 
quantity  of  urea  increafies  by  the  u^e  of  highly  nitrogeniaed  food.  The 
muctia  and  epithelial  debris  are  derived  from  the  mucous  membrane  lin- 
ing the  intcriot  of  the  urinary  apparatus.  Of  the  salts,  there  are  two  of 
tmnsnal  interest,  the  Bulpliates  and  phosphates,  eaeli  having,  like  the 
area,  a  double  origin,  the  food  and  tissue  decay.  Leaving  out  of  consid- 
eration that  part  wliich  baa  been  eupplied  by  the  food,  wc  recognize  in 
the  sulphates  the  final  disposal  of  that  anlplmr  which  was  once  secreted 
by  the  liver,  and  subaequently  reabsorbed.  In  the  phosphates  we  recog- 
nize the  oxidation  of  the  free  phosphorus  of  the  nervous  conBtitudonof 
vesicles  daring  their  period  of  activity.  That  portion  of  the  ™^^' 
solid  constituents  of  the  urine  which  ia  due  to  decay  or  retrograde  met- 
amorphoBis  ia  shown  when  an  animal  ia  exclusively  fed  on  sugar. 

Can'jtosilion  af  tlrvK,     {^Frf'nt  Bcn^^ia.') 

Water 983.00 

Urea 80.10 

Uric  acid 1.00 

Lnctlc  acid,  InMjiteof  ftrnmonin,  and  extractiirG 17-1+ 

MncTifl 00.33 

Siilplmte  of  potash 3.71 

Salpliate  of  sotla. S.16 

Pboephntc  of  sodn......... 2.04: 

Bi-phosphate  oFflinnioiiifl. LGfi 

Chloride  of  sodium ....,  4.46 

Muriate  of  ammoniB 1.S0 

Fbo£pbatcs  of  ILme  and  oipgncna... -..---..-,. 1.00 

SiHca 0.03 

ItKft.OO 

The  eoffiposition  of  nrine  is  not  only  disturbed  by  variations  m  the 
amount  of  its  normal  ingredients,  but  likewise,  in  morbid  states,  by  the 
appearance  of  unusual  onea*  Among  theeo  may  be  more  particularly 
mentioned  sugar,  albumen,  blood,  bile,  pus,  fat.  The  pregenco  of  such 
abnormal  ingredients  is  determined  by  chemical  testa  or  microscopic  ob- 
aervationa. 

Since  the  urinary  apparatua  is  the  sewer  of  the  system,  tables,  like  the 
preoei^ng*  wliich  purport  to  set  forth  the  composition  of  its  Variability  oi 
excretion,  can  only  be  received  as  general  illoatratioiis.  In.  it«  tonsUtQ. 
the  urine  must  occur  whatever  materials  have  been  gener- 
ated in  the  complicated  dismlegration  of  the  economy,  and  whatever  uae- 
leaa  aubstancea  have  found  their  way  in  through  the  absorbents  by  rea- 
son of  their  solubility  in  water. 

Eespecting  the  substances  thus  occuiring,  either  normally  or  unusu- 
ally, in  the  urine,  the  following  are  observations  of  interest : 

The  quantity  of  urea  excreted  dependa  more  upon  the  nature  of  the 
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Variations  io  ^^^'^  than  upon  any  other  condition.  It  reaeiies  its  maxi- 
tha  quantity  tnutQ  utidcT  GH  absoLute  animal  diet,  and  its  minimuiii  iiiider 

""■  a  non-nitrogenized  one.     It  still  appeare  during  fasting,  and 

about  to  the  same  extent  as  during  a  non-nitrogenized  diet.  Ita  soiircesT 
therefore^  are  partly  the  ivasfc  of  tke  tisauea  and  partly  the  food. 

By  several  obaerrers,  urea  liaa  been  detected  in  the  blood  under  ordi- 
nary circumstances-  After  exiirpation  of  the  kidneys  it  has  been  re- 
peatedly recfignized  in  that  of  the  lower  animals-  It  is  removed  with 
such  rapidity  by  the  kidneys  that  ita  quantity  is  probably  never  per- 
mitted to  exceed  a  fiftieth  of  one  jjer  cent,  of  the  circulating  blood.  Ita 
origin  lias  gcneraUy  been  attributed  to  the  waste  of  muscular  tisane, 
though  it  has  not  yet  been  detected  in  muscle  juice ;  but  then  it  should 
be  remembered  that  creatine  and  inosic  acid  may  produce  it  during  their 
descending  metamorphosis.  Under  this  view,  the  seat  of  its  production 
would  be  the  blood  itself,  a  conclusion  which  is  enforced  by  the  circum- 
stance that  caffeine  also  increases  ita  amount. 

In  his  inaugiu-al  dissertation^  entitled,  "  Is  muscular  Motion  the  Cause 
Origin  oftUo  of  the  Production  of  Urea2"  Dr.  John  C.  Draper,  by  exijeri- 
""w.  mcnts  on  the  mine  of  persons  in  different  conditions  of  motion 

and  rest,  and  by  an  examination  of  the  diurnal  and  nocturnal  variations 
in  the  amount  of  urea  voided,  compared  with  an  invariable  standard, 
gives  reasons  for  concluding  that  the  differences  in  the  amount  of  uren 
excreted  arc  almost  entirely  attributable  to  the  influence  of  the  food,  an 
individual  in  such  a  state  of  comparative  rest  as  is  observed  during  treat- 
ment for  a  fractured  leg  not  excreting  by  any  means  so  much  less  urea 
as  might  have  been  anticipated  when  compjtrcd  with  another  individual 
who  walked  thirteen  miles  at  the  rate  of  four  and  a  half  miles  an  hoar. 

But,  on  examining  the  influence  of  food,  it  appears  to  be  well  marked. 
The  greatest  amount  of  urea  is  excreted  witliin  a  few  hours  after  dinner. 
Another  maximum  also  occtirs  just  after  breakfast ;  but  during  the  eight 
night  hours  far  less  is  excreted  than  during  the  same  period  in  the  aft- 
ernoon. 

Tiie  ingeation  of  food  thus  exercising  so  rapid  and  marked  an  infla- 
ence  on  the  quantity  of  urea,  he  refers  to  it  as  the  cause  of  the  increased 
excretion  of  that  substance  during  the  course  of  the  day  rather  than  to 
the  increased  motion  of  exercise  then  indulged  in ;  and  in  view  of  this 
conclusion,  it  becomes  probable  that  the  nitrogen  of  the  wasting  muscu- 
lar tissues  escapes,  not  under  the  form  of  urea  through  the  kidneys,  but 
through  the  skin,  or  perhaps  even  as  free  nitrogen  from  the  Inngs, 

Of  the  variations  of  the  sulphates,  it  may  be  observed  that  the  aver- 
VtriniionB  of  ^S^  dlumal  excretion  of  sulphuric  acid  per  thousand  parts  of 
ihe  uHiphaiE-a.  man  bciug  0.050  of  a  part,  an  increase  is  observed  during  di- 
gestion, a  diminution  occurring  diu*ing  the  night,  the  minimum  being 
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reached  in  the  forenoon.  Exercise  to  a  moderate  degree  does  not  seem 
to  influence  it,  thougli  that  of  a  more  violent  kind,  and  also  mental  ex- 
citement, do.  Fasting  for  one  day  does  not  diminish  it.  Copious 
drafts  of  water  increase  it,  but  it  subsequently  declines.  The  admin- 
istration of  sulphur,  and  of  the  s^ilphates  of  potash,  soda,  and  magnesia, 
aleo  increases  it,  tlie  latter  salts  heing  removed  from  the  eyatem  through 
the  kidneys. 

The  quantity  of  extractive  matter  excreted  by  children  ig  much  moR- 
than  that  eicreted  by  adults,  when  estimated,  aa  all  such  q     *((    r 
observations  ought  to  be,  by  reduction  to  a  common  stand-  imctive  in 
ard.     Thus  Scherer  found  that  for  every  thousand  parts  of  """"^^ 
weight  a  child  excreted  0.346  of  a  part  of  extractive  per  diem,  but  an 
adult,  for  each  thousand  parts  of  weight,  excreted  0.15G  of  a  part,  whicli 
is  less  than  half  as  much. 

The  quantity  of  chlorine  in  the  turine,  as  chlorides  of  sodium  and  po- 
tassium^  undergoes  many  variations.  Hegar  showfl  that  it  y  ^-  ,■ 
18  at  a  maximdm  in  the  afternoon^  at  a  minimum  in  the  tho  tiiituidfl  of 
night,  and  rising  toward  morning.  Its  quantity  is  increased  "*  "™' 
after  taking  water,  and  then  diminishes*  Muscidar  exercise  also  in- 
creases it.  It  is  interesting  to  remark  that,  in  infiammatory  conditions 
accompanied  by  copious  exudations,  the  chlorides  in  the  urine  are  bo 
much  diminished  that  that  secretion  in  its  fresh  state  "will  yield  no  pre- 
cipitate witli  nitrate  of  silver.  In  80  caaea  of  pneumBnia  obaeri'ed  by 
Redtenbachcr,  the  acidified  urine  did  not  become  turbid  with  nitrate  of 
silver,  but  as  the  inflammatory  action  subsided  the  chlorides  reappeared. 

Of  medicaments  and  other  unusual  substances  introduced  into  the  or- 
fjanisra,  those  which  are  soluble  in  water,  and  liave  little  -^  , 

affinity  for  the  constituent  matters  of  the  body,  are  removed  8u«i  aaita  in 
in  the  urine.  In  this  list  are  found  a  great  number  of  ealts  ^  ^^^' 
which  escape  in  this  manner  without  undergoing  any  change  ;  such,  for 
example,  as  carbonate  of  potash,  nitrate  of  potash,  bromide  of  sodium. 
Other  substances  undergo  change  previously  to  their  elimination,  as,  for 
instance,  the  alkaline  sulphides,  whicli  become  oxidixed,  and  are  then 
finally  removed  as  alkaline  sulphatea.  Dr.  Bcnce  Jones  has  satisfactori- 
ly shown  that,  when  ammonia  ig  taken,  it  is  removed  a.'*  nitric  acid  in  the 
urine.  Under  the  administration  of  the  neutral  alkaline  salts  of  vegeta- 
ble acids,  alkaline  carbonates  in  excess  appear,  owing  to  the  oxidation 
of  their  acid  in  the  blood.  That  this  is  tiie  true  seat  of  the  oxidation, 
and  that  it  takes  place  with  great  rapidity,  is  demonstrated  by  tlie  in- 
jection of  such  salts  into  the  jugular  vein,  whicli  very  aoon  are  found  as 
carbonates  in  the  urine. 

TfMien  oxalate  of  lime  is  introduced  into  the  atomadi,  it  does  not  make 
(  ita  appearance  in  the  urine*  perhaps  because  of  its  insolubility  present- 
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ing  a  di£5cuLtj  to  its  absorption.  In.  the  cftse  of  some  animak  it  occurs 
Induction  ot  naturally  in  the  excrement.  When,  in  man,  it  is  found  in  the 
dSurbe"re^  iirinc,  its  occuTrence  may  be  often  traced  to  a  diatnrbance 
piration.  of  the  respiratory  function,  or  to  abnormal  metamorphosis 

Occurring  in  the  blood.  Under  aiich  circumstances  it  presents  itself  in 
conYaleseence  &om  typhus.  Thast  it  can  arige  from  Buch,  metamorphosia 
is  proved  by  the  circumstance  that  it  is  found  in  the  urine  after  the  in- 
jection of  uiatea  into  the  veins.  When  the  kidneys  act  vicariously  for 
the  lunga*  there  tliua  appears  to  be  a  tendency  to  the  removal  of  carbon 
under  tie  form  of  oxalic  instead  of  carbonic  acid. 

Hippuric  acid  may  arise  in  the  organism  from  the  metamorphoaia  of 
04:currence  of  bcnzoic  Olid  cinnamio  acids,  the  administration  of  tiiese  sub- 
bipporie  acid,  stances  being  followed  by  its  excretion  in  the  urine.  If  any 
thing  waa  necessary  to  prove  that  the  seat  of  ita  origin  is  the  blood,  its 
diflcoveiy  therein,  in  the  case  of  the  ox,  by  Verdeil  and  Dollfasa  would 
be  sufficient.  Ita  general  occurrence  in  the  urine  of  graminivorous  ani- 
mals, and  ita  absence  in  that  of  the  camivora,  indicate  that  its  normal 
production  ia  connected  with  the  nature  of  the  food.  However,  among 
some  of  the  lower  nniraala  it  is  still  excreted  while  they  are  in  a  state  of 
starration,  and  it  has  been  recognised  in  the  urine  of  diabetic  patients 
under  a  strict  animal  diet. 

After  the  Injection  of  alkaline  lactates  into  the  jugular,  the  urine  be- 
DiMppaaraace  comcs  aUtaline  in  thc  course  of  a  quarter  of  an  hour.  If 
utfca  from  Ui^  '^^y  have  been  taken  into  the  stomach,  in  about  double  that 
biflod.  time.     The  passage  of  other  adta  is  sometimes  even  more 

rapid ;  thus  the  feirocyanide  of  potassium  has  been  detected  in  the  urine 
in  less  than  two  uiinutea. 

The  excess  of  protein  bodies  absorbed  &om  the  digestive  canal,  and 
Extras  of  tiro-  uo^cccssaiy  foF  the  repair  of  the  system,  ia  removed  as  urea 
itin  bodiea  re-  and  uric  acid ;  and,  in  like  manner,  the  sulphur  and  phoa- 
™^^°^'  phorus  introduced  by  thoae  bodies  are,  after  oxidation,  dis- 

charged as  Bulpliates  and  phosphates,  Under  the  use  of  a  strictly  ani- 
mal diet,  the  urine  resembles  that  of  carnivorous  animals  in  color,  acid 
reaction,  and  freedom  from  lactic  and  hippuric  acids. 
DieappearaiicE  '^^^  phosphatc  of  lime  oftcn  almost  totally  disappears 
ofphoaphateof  during  pregnancy,  and  fractures  unite  at  that  period  with 
^'-  difficulty. 

Many  circumstancea  regulate  the  length  of  time  that  extraneous  sub- 
Period  tJjPt  ox-  stances  will  remain  in  the  eystem  ;  thua  it  sometimes  occurs 
ttaneoii*  sab-    that,  after  the  adminiatratioD  of  alkaline  salts  of  organic  acida^ 

jUia«B  tnav  re--         ni.-  1.1  •  -ni-  -i  e 

Main  in  the      tho  alkaunity  of  the  unne  will  disappear  m  the  course  of 

system.  jj^f  ^  ^f^y^  while  on  other  occasions  it  will  continue  for  sev- 

eral days.     The  period  also  varies  veiy  much  with  different  individuals. 
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When  the  aubBtance  adniiniatered  ia  of  such  a  chemical  nature  that  it 
can  unite  Trith  any  tissue,  it  may  remain  in  the  system  for  a  very  long 
time. 

The  anatomical  construction  of  the  Malpigfaian  bodies  has  led  phyai- 
ologiatB  to  infer  that  there  are  two  distinct  sti^s  in  the  se-  Majiner  of  se- 
cretion of  urine.  These  have  already  been  pointed  out  in  uSnesaUsbv 
the  remark  that  the  l^Ialpighian  bodies  separate  water  from  liltratiun. 
the  blood,  but  that  the  solid  ingredients  are  secreted  from  that  delicate 
plexus  of  veasela  which  covers  the  walls  of  the  urinary  tubes.  Before 
accepting  this  opinion,  we  mayi  however,  observe,  that  the  chief  solid  con- 
stituents of  the  urine,  as  ureat  xuic  acid,  Bulphates,  and  phosphates,  pre- 
exist in  the  blood,  and  are  all  soluble  in  water.  It  is  not  to  be  supposed 
that  the  water  which  oozes  through  the  delicate  walls  of  the  Malpighian 
tufta  should  leave  such  substances  behind  it.  That  the  loss  of  water 
acttially  takes  place  in  the  tuft  circulation  appears  to  be  proved  by  the 
&ct  that  the  vessel  emerging  from  the  tuft  is  less  than  the  one  entering 
it ;  the  volume  of  blood  ia  less  by  the  amount  of  abstracted  wat^cr. 

We  most,  moreover,  take  care  that  we  are  not  deceived  by  a  name. 
The  vessel  emerging  from  the  tufts  may  be  conveniently  -.  ^  .  , 
enough  called  a  vein,  but  is  there  any  proof  that  such  ia  its  quality  rstaia- 
physiological  attitude?  There  ia  no  reason  to  believe  that  "  ^tnm' 
the  blood  has  lost  its  arterial  character  while  it  has  been  in  the  tuft.  At 
the  most,  it  can  only  have  lost  the  elements  of  urine*  It  is  not  until  it 
is  distributed  in  the  plexus  on  the  walls  of  the  uriniferouB  tubes  that  it 
really  gains  the  venous  character,  and  then  tlirough  nourighing  those  vea* 
sels,  and  particularly  the  ceUs  of  tlieir  interior. 

Thtefi  considerations  therefore  lead  me  to  the  suggeetion  that  the  inor- 
ganic bodies,  as  urea,  uric  acid,  sulphates,  and  phospliatCB,  whicli  may  all 
ht  regarded  as  products  of  final  oxidation,  pass  out  with  the  water  in 
which  they  are  dissolved  while  the  Llood  ia  yet  circulating  in  the  Slal- 
pighian  tuft.  The  loss  of  velocity  in  the  current  by  the  arterial  twig 
breaking  up  into  so  many  vessels  must,  aa  Sir.  Bowman  states,  greatly 
favor  this  transudation,  as  does  also  the  preasnre  that  must  arise  from  the 
blood  having  to  pass  through  n  narrow  channel  of  exit,  and  still  more 
through  another  capillary  system  just  beyond.  It  was  arterial  blood  that 
entered  the  tuft,  and^  it  is  arterial  blood  that  emerges,  to  be  then  directed 
qpon  the  walla  of  the  luiniferous  tubes« 

And  now  the  question  may  arise,  What  is  the  object  of  this  second  cap- 
illary circulation  ?  Though  the  statement  ia  often  made  tliat  The  wiu  r* 
the  constituents  of  the  urine  are  the  results  of  oxidation,  it  ™^^]  "uj^**' 
is  very  far  from  being  strictly  true.  The  analysis  of  urine  »(ances, 
shows  that  a  very  large  proportion  of  them,  classed  as  extractive,  are  real- 
ly combustible  bodies,  and  not  far  advanced  in  theu:  retrograde  meta- 
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moq:>hoBia.  They  retain  still,  as  it  were,  the  traces  of  organizatiaii ; 
tliey  beloDg  rather  to  tlie  hydrocarbon  family  than  to  the  nitrogenized. 
It  may  be  that,  for  the  removal  of  these,  cdl  actioa  is  necessary. 

Whatever  iinjxulance  may  be  attached  to  such  a  suggestion,  it  is  very 
Mod&ofrem&v-  clear  that^  not>vitiistaiiding  the  extreme  thinness  of  the  walls 
film 'thVK  *^f  ^^^^  '^'  vessels,  the  relaxation  in  the  speed  of  the  blood 
jiighiaa  sac.  current  througb  them,  ajid  the  pressure  brought  to  hear  upon 
them,  that  water  coultl  not  be  separated  by  oozing  through  them  unless 
there  waa  an  additional  provision.  The  sac  into  which  the  exudation  is 
to  take  place  is  already  full,  and  it  may  be  questioned  whether  ciliary  mo- 
tion in  the  nriniferoua  tubea  would  exert  a  sufficient  exhauatioii  to  relieve 
the  interior  of  the  capsule  fi"om  pressure ;  but  the  introduction  of  a  liquid 
of  a  different  nature  into  the  urinilerous  tube  may  call  at  once  into  oper- 
ation the  principle  described  at  page  131  aa  acting  in  the  capillary  circu- 
lation of  the  blood,  and  thus  the  contents  of  the  Malpighian  sac  arc  drawn 
forward  into  the  uriiiiferous  tube,  juat  in  tlie  same  manner  that  water  is 
drawn  from  the  inside  of  a  bladder  through  the  pores  thereof  by  alcohol 
on  the  outside. 

THE  M.UIMABT  GLANDS. 

The  mammary  glands  are  pituated  on  various  portions  of  the  abdom- 
-  .  ,.  -  inai  and  thoracic  surfaces  of  animals  of  the  class  mammalia, 
iheuiammaiy  In  the  higher  members  of  this  class  they  present  the  ap^iear- 
^  °  "  ance  of  racemose  glands,  rudimentary  in  the  males,  but  well 

developed  in  the  adult  females,  especially  after  parturition.  They  separ- 
ate from  the  blood  the  white  secretion,  milk. 

In  the  omithorynchus  the  mammary  gland  consists  of  an  obtuse  cone 
of  CQ?cal  foUicles,  ending  Upon  an  areolar  surface.  There  is  no  nipple. 
The  milk  is  expelled,  both  in  these  and  the  marsupials,  by  direct  mus- 
cular pressure.  In  cetaceans  the  nipple  is  included  in  a  cleft  of  the  in- 
ita  ftnnpara-  teguTncnt,  but  in  the  liigher  mammalia  it  projects,  bo  that,  be- 
tiveauawmy,  ing  received  into  the  mouth  of  the  young,  and  auction  being 
made,  the  pressure  of  the  air  takes  effect  upon  the  surface  of  the  giaud 
and  expels  the  milk- 
In  different  cases  the  number  of  mamma;  diflFers.  In  the  human  spe- 
cies there  are  but  two,  placed  upon  the  thoracic  surface,  and  from  theu 
position  favoring  the  care  and  nursing  of  the  child>  Among  other  ani- 
mals the  numlrer  seems  to  have  a  relation  to  the  number  of  young  brought 
forth  at  a  birth,  there  usually  being  a  pair  for  each  one.  Many  excep- 
tions to  this  rule,  however,  occur. 

The  raammaiy  gland  corresponds  in  anatomical  structure  to  the  paro- 
tid and  pancreas.     It  consists  of  15  or  20  lobes,  each  from  J 
to  1  inch  in  width  ;  these  are  composed  of  lobules,  and  these, 
again,  of  coecal  vesicles.     The  excretorj'  ducta  are  lined  with  tesselated 
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epitbeliuTH.  The  ducts  converge  toward  the  nipple,  opening  upon  it  bv 
10  or  15  apcrlurcB,  and  in  their  coiiTBe  dilating  into  ampulla*,  of  staall 
capacity  in  women,  but  in  the  cow  capable  of  holding  a  quart. 

Fig-nti.  As   regards   its   development,  the  niammar^- 

gland  originates  in  the  fourth  or  fifth  rt»^lcv?l{>ri^ 
montli  as  a  papillary  projection  of  thp  f"^""'- 
mucous  layer  of  the  epidermis,  as  shown  In  J^i^. 
96,  in  which  1  is  the  rudimentary  gland  in  the 
male  embryo  of  fi^e  months,  a  being  the  homy, 
d,  mucous  layer  of  the  eptdemiis ;  c,  process  of 
the  latter,  the  rudiment  of  the  gland ;  d,  fibrous 
membrane  round  it.  At  2  is  the  lacteal  gland 
of  a  female  embrj'o  of  seven  months,  seen  from 
above:  (I,  central  substance  of  the  gland;  i,  c, 
budding  outgrowths,  the  rudiments  of  the  gland 
lobes.     (Kolliker*) 

J^iff.  97,  vertical  section  of  the  liuman  mam- 
mal^'gland:  a,  ff,  ilB  i>ectorol  purface;  ^/,  ft,  skin  on  surface  of  the  gland; 
Fig.  Hi.  c,  skin  of  nipple:  </,  lobules  and  lobes  of  gland;  r,  lac- 

tiferous tubes  paashig  from  the  lobules  to  the  nipjile. 

As  pregnancy  advances,  the  cells  of  the  gland  begin 
to  contain  fat,  in  a  manner  not  unlike  tbat  which  is  re- 
marked in  the  cells  of  the  sebaceous  follicles  of  the  fikin* 
Wiicn  the  gland  becomes  active  after  parturition,  it  is 
stated  that  the  first-fonncd  milk-cells  break  up  in  the 
lactiferous  ducts  into  milk  globules,  their  nicmbranc  and 
nucleus  disappearing.  The  milk  globuleai  are  minnte 
particle?,  laiying  in  their  diameter  from  llie 

WcTTT  ^f*  ^''^  TtLtj  of  ""  i""^!';  They  con- 
sist of  oily  material  iiieloscd  in  an  envelope,  as  is  shown  by  the  fact  that, 
though  tlicy  will  resist  for  a  short  time  the  action  of  siiliihuric  ether 
Fig.o'i.  they  are  finally  di.'ssolvcd  by  thai  eubstance.     Be- 

aide3  tbcsc  milk  globukiS,  there  are  other  exceed- 
ingly minute  fat  particles  present.  The  milk 
which  \a  first  secreted  after  delivery  contains  cor- 
puscles of  considerable  aiiie,  and  of  a  granulated 
appearance,  as  seen  in  the  [ihotograpli,  J^i^.  98. 
They  are   called  colostrum   con>usclcs. 

,r,T  111-  1  1     i         ^  Colostnmi. 

Tlicy  arc  soluble  m  ctJicr,  and  therefore 
Hiik  witu  c..io.airiii  i-urjimciei.   contflin  fat.     Tlicrc  is  reason  to  suppose  that  all 
the  fat  globules  of  the  milt  arc  inclosed  in  cyst-like  pellicles  of  Cflscin. 

In  the  chn|jter  on  food  (Chapter  II.),  a  general  description  of  the  cliar- 
acter  and  constitution  of  milk  has  been  given,  together  with  its  physio- 
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Propenies  of  logical  relations  in  nutrition.  It  may  now  be  added  that  fresh 
""^-  railk  presents  an  alkaline  reaction,  which  continues  longer  in 

the  milk  of  women  than  in  that  of  cows.  Left  to  itself,  and  the  more 
quickly  the  warmer  the  air,  miik  turns  sour  through  the  production  of 
lactic  acid,  the  casein  undergoing  coagulation.  That  the  oil  globulea  juat 
spoken  of  axe  coated  with  a  tilm  of  a  coagulated  protein  body  appears 
from  the  cireuni stance  that  it  may  be  disaolved  by  acetic  acid,  and  the  in- 
cluded butter  18  then  set  free. 

One  of  tjic  simplest  metliods  for  the  analysig  of  milk  consists  in  coag- 
Anitysisot  ulatxng  it  at  a.  temperature  of  212*^  ivith  pidvcriaed  gypsum; 
™i^'  the  mass,  being  then  evaporated  to  drj-nesa,,  is  pulverized,  the 

butter  being  extracted  by  ether,  and  the  sugar  and  soluble  salts  by  hot 
alcohol.  The  amount  of  the  soluble  salts  thus  obtained  may  be  determ- 
ined by  ineincration ;  and  since  their  .imount  is  to  that  of  the  insoluWe 
salts  aa  5  to  7,  an  approximate  determination  of  the  latter  may  be  made, 
and  thereby  the  weight  of  the  sugar  and  casein  corrected.  TJiia  is  the 
method  of  Haidlen. 

It  would  appear,  from  examinations  tliat  have  been  made  of  the  aecre- 
.  f       tion  of  the  mammar)'  gland  previous  to  parturition,  that  it 

lostnim  and  containa  alburacn  in  the  place  of  casein,  the  eaacin  gradually 
"^'   ■  appearing  as  the  period  of  parturition  approaches,  but  not 

reaching  its  maximum  until  a  tew  days  after  that  event.  Coloslral  milk 
dilicrs  esscntiaJly  from  the  aubse<jucnt  ordinary  secretion,  as  the  follow- 
ing table  showB : 

Ckmttitt^im  ^  Chbttntm  and  MiBc.    {From.  Simon.) 


Wfticr 

Fftt 

CaActn 

&u;{Ar  of  tailk, 

Ash 

Lusd 


CiJiiuiriiQii. 


a28.W 

50,00 

4(1.00 

70.00 

3.10 

8.30 

'lOOO.OO ' 


Mtlh-  _ 

BS7.eo 

25.30 

48.20 
2.30 
2.30 

"lobo-tw" 


The  specimens  here  presented  were  obtained  from  the  same  individual: 
and  from  the  table  it  ap|jeara  that  the  colostnun  contains  a  mudi  larger 
proportion  of  solid  material  than  the  milk.  The  quantity  of  fat  is  near- 
ly double  ;  the  quantity  of  sugar  is  likewise  much  greater,  but  the  rela- 
tive quantity  of  eaacin  is  less*  this  being  in  accordance  with  the  state- 
ment tJiat  the  production  of  that  substance  approaches  gradually  to  a 
niaximuni  which  is  not  attained  till  a  few  days  after  parturition. 

The  composition  of  milk  varies  witli  many  circumstances.  Thus, 
VlltLll^5UIy  in  among  cowa,  it  is  well  known  that  there  arc  certain  breed.'* 
itdicompofiition.  ;vl,i^.li  yielJ  a  milk  in  which  butte-i  predominates ;  in  others, 
a  milk,  in  which  there  h  an  excess  of  casein.  It  is  in  reference  to  this 
that  such  are,  among  agriciJtural  people,  often  described  as  good  butter 
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C0W8,  or  good  cheese  cows,  as  the  case  may  be.  Such  Tariations  axe 
likewise  often  popularly  referretJ  to  peculiarities  in  the  color  of  these  ani- 
mals ;  and,  indeed,  there  ia  a  general  impression  of  the  Bame  kind  as  re- 
spects the  milk  of  women,  that  that  of  fair  women  ia  inferior  to  that  of 
brunettes.  L'Heritier,  who  has  examined  into  tliia  matter,  selected  two 
females  of  the  aame  agCj  22  years,  and  caused  tbcra  to  adopt  the  same 
diet  and  the  same  mode  of  life.  The  one  was  a  blonde^  the  other  a  bru- 
nette.    The  following  table  exhibits  the  most  marked  of  kia  reaiilte : 


HSk  of  JTomKn  offliffentnl  Temperamenta.     {From  Zi'TIerilier.') 

Tile  Hi(iiui<% 

J'tii'  bruiiM; >(.!.''. 

t*92.00 

10.00 
A8.fi0 

4.00 

.H58,»Q 

54.  W> 

1R.20 

71.30 

4.60 

SiUtt 

iOUO.tKI 

iixw.ao 

The  average  of  the  various  analyses  he  made  bSiows  tlie  game  general  re- 
sult, though  not  80  strikingly,  the  number  being  for  the  solid  constitu- 
ents, in  the  case  of  the  blonde,  120,  and  for  that  of  the  brunette,  134. 

As  would  be  expected,  tha  constitution  of  the  milk  varies  greatly  with 
the  diet.  Simon  found  that  in  the  ciisc  of  a  very  poor  woman,  itifluance  of 
who  had  lieen  almost  deprived  of  the  necessaries  of  life,  the  'li'-'t  on  nuiv, 
quantity  of  solid  nialcrial  was  only  8.6  per  cent.  On  giving  her  a  nutri- 
tious meat  diet  it  rose  to  11.9  per  cent.  ]3eing  again  reduced,  by  cir- 
curastancea,  to  the  utmost  destitution,  the  solid  residue  sank  to  9.8  pei" 
cent. ;  and  on  once  more  lieing  supplied  with  a  nutritious  meat  diet,  the 
percentage  rose  to  12.6.  These  results  iKuatrate  in  a  striking  manner. 
as  will  be  presently  seen,  the  function  of  the  mammary  gland.  Simon 
also  found,  in  this  particular  case,  that  the  relative  quantities  of  casein 
and  flugar  do  not  gieatly  vary  with  these  extreme  dietary  variations,  but 
that  the  absolute  quantity  of  butter  does.  On  the  two  occa-  q^..  ^^  ^f  . 
sioTLS  of  stM'vation,  it  was  as  low  as  8  parts  in  1000  of  milk,  casem  utn)  of 
and  on  the  two  of  full  nutritious  diet,  it  rose  to  34  and  37  "^^^^^"^'■■ 
respectively.  From  this  it  seems  to  follow  that  while  the  amount  of 
butter  in  milk  is  determined  by  the  quantity  and  quality  of  the  food,  the 
amounts  of  casein  and  sugar  are,  to  a  considerable  degrEc,  inde|>cndenl 
thereof,  and  hence  I  believe  their  origin  is  to  be  attributed  to  changes 
taking  place  in  the  system,  and  that  these  substances  are  more  immedi- 
ately furnished  from  metamoqiho.'tes  of  its  structures. 

The  ca.'jein  and  the  sugar  are  reciprocally  related  to  each  other,  the 
quantity  of  casein  steadily  increasing  from  the  time  of  par-  R^jij^tj^n,  -o,^^ 
turition  until  a  Hxed  proportion  is  attained.     At  parturition  tity  of  cnwin 
the  quantity  of  sugar  ia  at  its  maximum*  a  gradual  decline  ""'  ^"^"'^" 
(hen  occturiug  until  its  proportion  likewise  bccomefi  nearly  constant. 
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Sdine  snbetances  adminlsteired  by  the  stomacli  or  rectum  do  not  aJ- 
EstraDcmis  ways  appear  in  the  milk ;  thua  the  ferrocyanide  of  potasBi- 
■atta  in  milk,  y^^  ■^vllich  may  Le  quickly  detected  in  tlie  urine,  can  not  be 
found  in  the  milk-  It  is  cuxious,  that  when  iodide  of  potasaJum  has  been 
ndminiatered  to  the  mother,  in  doscs^  for  examplct  of  three  grains  thrice 
a  day,  it  can  be  readily  detected  in  the  urine  of  the  infant  by  the  usual 
test  of  starch  and  nitric  acid. 

The  diurnal  quantity  of  milk  yielded  by  the  Imman  female  has  been 
Diurnal  quan-  estimated  at  from  32  to  64  ounces.  This  estimate  ia  made 
liiy  ofmiUt.  "{j.j.  fEetemiiuing  the  weight  of  the  infant  before  and  after  suck- 
ling. ^Uthougli  a  certain  proportioit  is  present  in  the  gknd,  the  secre- 
tion appears  to  take  place  for  the  most  part  with  great  rapidity.  On  the 
application  of  the  infant  the  blood  flows  suddenly,  and  the  mdk  pours 
into  the  ducts,  constituting  'ndiat  is  termed  the  draft* 

We  now  enter  on  a  consideration  of  the  function  of  tlie  mammarj' 
ModcofaciioH  gl^^*!!  ^'*'^'  "  vicw  of  determining  whether  it  acts  in  virtue 
oftbepiainnin,-  of  its  Special  construction,  whether  it  fabricates  in  itself,  by 
'y^  ^  ■  the  agency  of  celb,  the  proximate  constituents  of  milk,  or 
whether  it  merely  strains  them  from  the  blood  in  which  they  pre-exist. 

Due  weight  should  here  be  given  to  the  fact  that,  unlike  the  e.xcretions 
of  the  lungs,  the  kidneys,  or  even  the  liver,  the  milk  contains  a  very  large 
percentage  of  histogenetic  or  fonnative  bodies.  Its  casein  can  not  be 
considered  as  in  the  career  of  retrograde  transformation,  since  in  the  body 
of  the  infant  it  ia  presently  changed  into  albumen.  Such  a  fact  might 
even  lead  us  to  snspcct  that  we  should  detect  some  essential  structural 
and  functional  differencea  between  the  mammte  and  other  glanda. 

The  influence  of  special  structure  is,  however,  disposed  of  by  the  nu- 
Influenca  of  "^^rous  wcU-authcnticatcd  cases  now  on  record,  in  wJiich  por- 
Bpwiii]  siruc-  tious  of  the  skin,  or  the  stomach,  the  navel,  intestines,  the  ax- 
illa, and  glands  in  the  groin  have  as&umed  a  vicarious  action, 
and  ficcreted  milk ;  and  though  it  has  been  said  of  the  latter  instance  that 
it  may  he  nothing  more  than  an  ohseiire  manifestation  of  an  attempt  in 
the  human  species  at  a  repetition  of  the  ruammary  gland  in  a  region  near 
which  it  is  normally  present  in  the  lower  mammals,  such  a  remark  has 
no  application  in  the  other  cases*  We  may  therefore  infer  that  the  proxi- 
mate constituents  of  the  milk  are  not  manufactured  by  reason  of  any 
special  structure  of  the  gland  which  secretes  them,  since  other  Btructurcs 
can  assume  a  vicarious  action. 

This  therefore  narrows  our  inquiiy  down  to  the  point,  Does  the  mam- 
mary gland  merely  filter  off  from  the  blood  substances  already  existing 
in  it,  or,  those  aubstances  not  so  pre-existing,  are  they  made  in  this  or- 
gan by  cells  ? 

Of  the  proximate  elements  of  milk,  many,  auch  na  the  entire  group 
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of  its  ealta,  are  acknowledged  on  all  hands  to  pre-exiat  in  the  -jheaaitiof 
blood;  and  theac,  constituting  about  ^  of  its  solid  ingrcdi-  milk  exist  ih 
CDts,  must  Iw  admitted  ta  pass  into  the  secretion  by  atrainage 
only.  Of  the  other  solid  ingredients,  the  fat,  which  constitutes  abont  one 
tbtirtli,  also  exists  in  the  blood,  being  derived  bj  lacteal  absorption  from 
the  food. 

Do  milk-giving  animals,  then,  lind  in  their  ordinary  diet  a  sufficient 
quantity  of  oleaginoua  material  to  supply  the  drain  establish-  ^^^  hydfocar- 
ed  through  the  maminary  gland,  and  the  calorifacient  do-  loni  pFe-esi»i 
mand,  supposing  none  to  be  made  in  the  system  ?  The  re- 
searches of  Dumas  have  ciGfinilcly  settled  this  question.  Of  these  tin- 
following  is  an  abridgment ; 

tat  m  Artu-ki  of  Fora^. 

Indimi  wim. 8.76  per  cent. 

Kice 1.00  "  " 

Oals 3.30  ''  " 

Hyo 1.7S  "■  " 

Wbeat 2.10  "  " 

Dry  hav... 2.00  "  " 

Clover  in  flower 4,.00  "■  " 

WhcjLi  Biravr 3.20  "  " 

Oatatraw.. fi.lQ  '*  " 

Beetroot 0.05  "  " 

Poialocs ,... 0.08  "  " 

Aoow  in  good  condition,  eating  100  pounds  of  dry  hay,  will  famish  21 
qaarts  of  milk,  from  which  tliere  can  be  obtained  1^  pounds  Qmunityoffai 
of  butter.  If  ttiis  butter  was  obtained  exclusively  from  the  '"fc*-"^- 
food,  and  none  made  in  the  system,  we  ought  to  tind  in  the  100  pounds 
of  dry  hay  li  pounds  of  fatty  matter  j  but  sulphuric  ether  can  remove 
from  such  hay  2  pounds,  and  in  several  sjtocimcns  of  clover  cut  in  flow- 
er, if.  Boussingault  tbuad  the  proportion  aa  high  as  4  |>cr  cent.  Wc 
may  therefore  affirm,  relying  on  the  universal  experience  of  farmers,  that 
the  hay  eaten  by  a  milch  cow  contains  more  fat  matter  than  the  milk 
which  she  yields.  Thus  far,  therefore,  we  are  not  atithorizcd  to  regard 
the  animal  as  capable  of  producing  the  butter  found  in  it.'*  milk,  but,  on 
the  contrary,  we  may  be  led  to  suppose  that  the  whole  of  it  is  taken 
from  the  food. 

In  a  physiologic'il  point  of  view,  a  siT5gle  experiment  of  this  kind  is 
insufficient.  Errors  may  arise  in  comparing  together  hay  taken  by 
chance,  and  the  produce  of  milk  taken  by  chance.  It  woidd  doubtless 
be  far  better  to  establish  a  direct  experinicntt  giving  the  proportion  of 
butter,  determined  by  analysis,  relatively  to  the  proportion  of  fat  matter 
consumed  Ity  a  cow.  This  experiment  lias  been  made  on  such  a  scale 
and  with  so  much  care  as  to  be  very  convincing.  It  lasted  for  a  year, 
and  was  conducted  on  7  milch  cows,  the  milk,  drawn  twice  a  day,  being 
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carefuJlj  measured.  The  7  cowa  furnished  17,576  (juarts  of  milk;  its 
weight  was  36,382  pounds*  Being  analyzed  firom  time  to  time,  it  was 
found  to  jieid  3.7  per  cent,  oi'  butter,  completely  deprived  of  water. 
From  tliis  it  foUowa  that  these  7  cowa  iumisiied  diiriiig  the  year  1346 
paimda  of  butter. 

During  this  time  they  att?  30  pounds  of  hay,  clover,  and  ^asa  eacli 
day ;  that  ia  to  eay^  the  7  cows  consumed  during  the  year  77, 650  lbs. 

Now  if  in  100  pounds  of  hay  there  arc  l.H  of  fat,  the  77,650  pounds 
represent  1378;  recollecting,  however,  the  use  of  clover,  which  is  richer 
in  fat,  the  amount  should  rise  to  more  than  2000  pounds.  But  the  but- 
ter obtained  was  only  1346  pounds. 

From  thia  experiment,  therefore,  we  gather,  tliat  a  cow  which  is  giving 
milk  finds  much  more  fat  in  the  fodder  she  eats  than  is  aubsequctitly 
yielded  in  her  butter.  Wc  may  therefore  conclude  that  eucli  an  animal 
extracts  from  her  food  moat  of  the  fat  it  contains,  and  that  she  either 
atorea  it  up  in  her  adipose  cells,  uses  it  for  the  production  of  heat,  or  con- 
verts it  into  butter. 

In  the  argument,  as  thus  presented  by  M.  Dumas,  the  question  is  con- 
sidered in  its  quantitative  aspect,  no  allowance  being  made,  however,  for 
the  amount  of  oily  material  accompanying  the  faeces,  and  no  estimate  of- 
tercd  of  the  proportion  destroyed  for  the  sake  of  producing  heat.  It 
uiight  be  that  the  entire  amount  of  fat  escapeg  in  the  former  of  these 
ways,  and  that,  though  a  sufficiency  occiurs  in  the  food,  it  La  not  absorbed 
therefrom  into  the  system. 

There  are  many  facia  which  show  that  the  identical  fat  oecujring  in 
The  ideiniesl  the  food  is  actually  delivered  by  the  nmnmiary  gland  with 
iTtaund  in  the  i^^^J  ^^  ^'^  quantities  uiiclianged.  Thug,  il'  by  chance  cows 
iDilk.  shouid  e^t  tlie  tender  shoots  of  pine-trees^  or  wild  oniona,  or 

other  Btrong-am piling  herbs,  the  milk  is  at  once  contaminated  with  the 
i^pecial  tia\'^or  of  their  oUa.  The  same,  too,  takes  place  when  turnips  are 
introduced  in  their  diet.  If  half  the  allowance  of  hay  for  a  cow  is  re- 
placed by  an  equivalent  quantity  of  linseed-cake,  rich  in  oil,  the  cow 
maintains  herseli'in  good  condition,  but  the  milk  produces  a  butter  more 
than  usually  soft,  and  tainted  with  a  peculiar  ilavor  derived  from  the  Lin- 
seed oil. 

To  the  preceding  facts  it  is  unnecessary  to  add  any  observations  in  re- 
lation to  the  carnivorous  mammals,  which  obviously  find  in  thetr  prey 
Eargc  quantities  of  fat.  In  the  chapter  on  calorifacicnt  digeslion,  and  in 
that  on  the  functions  of  the  Uver,  the  evidence  was  presented  both  as 
regards  the  reception  of  oily  material  from  the  food,  and  likewise  its  fabri- 
Suffidcnt  cation  in  the  system.     From  thesie  sources  conjointly  it  may 

qiiftntity  of  fat  therefore  be  plainly  seen  tiiat  fata  of  various  kinds  must  al- 
"  ways  eadat  in  the  blood.    A  simple  arithmetical  computation, 
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fbundecl  on  the  data  ftimlshed  hj  the  tables  of  the  constitution  of  blood  and 
of  milk  respectively,  will  show  that  tliere  is  at  any  moment  a  aiiificient 
supply  of  fatty  matters  in  the  blood  to  furnish  two  thirds  of  the  diurnal 
amount  of  milk.  It  doea  not  seem,  therefore,  philosophical,  under  these 
circiini stances,  to  impute  to  the  mammary  gland  a  power  of  forming  but- 
ter. It  doubtless  obtains  that  substance  directly  Irom  the  blood  j  and  it 
may  be  that  those  bodies  whii^h  arc  conceived  of  as  cells,  and  which  are 
snpposed  to  arise  in  the  lobuk-d  of  the  gland  in  euccessive  broods,  which 
mn  a  rapid  living  career,  coming  into  existence,  reaching  maturity,  dying 
and  deliquescing  with  incredible  rapidity,  are,  in  reality,  nothing  more 
than  oil  globules  which  iiave  coated  themselves  over  with  a  cyst  of  coag- 
ulated casein,  as  in  AwcherRon's  exjx^riment,  or  just  as  they  become  coat- 
ed  with  a  similar  film  immediately  on  passing  from  the  intestine  into  tlic 
lacteal  veasels ;  and  this,  accordingly,  la  the  opinion  1  entertain  of  their 
nature. 

Next  of  the  casein.  There  lyis  been  mucli  controversy  among  chem- 
tsts  respecting  the  existence  of  casein  aa  a  nonnal  ingredi-  Kea^wmsfDrin. 
ent  in  the  blood.  Theoretically  there  does  not  appear  any  Bi.jy'exLta^iiT" 
aolid  reason  for  denying  that  it  maybe  one  of  those  eonstit-  Ho«3. 
uente,  considering  the  analogy  of  constitution  which  it  shows  with  albu- 
men. •  The  evidence  ih  much  more  distinct  and  positive  in  the  case  of 
pnerpcral  blood,  and  is  greatly  strengthened  by  the  recognized  tendency 
to  the  occurrence  of  kie^titip  in  the  urine  durijig  gestation*  This  sub- 
stance,  to  which  much  attention  has  of  late  been  devoted,  makes  its  ap- 
pearance in  Buch  urine  as  a  pelHcle  or  membrane,  which  gradu- 
ally increases  in  thickness.  It  is  not  commonly  seen  before  30 
liouia  after  the  urine  is  passed,  nor  later  than  the  eighth  day.  Though 
Homctimea  appearing  at  an  earlier  period  of  gestation,  it  is  mnre  frequeiit 
in  the  aeventli,  eighth,  or  ninth  months,  Tlie  fact  is  not  without  fiigiiifi- 
cance  for  our  pieaent  pur[>03e,  that  it  niay  reappear  in  the  uriiic  after  par- 
turition if  any  thing  occurs  to  check  the  accretion  of  milk.  Moreover, 
Prout  noticed  it  in  the  urine  of  a  dehcate  child  which  was  fetl  chiefly  on 
milk*  An  exami^iation  of  it  shows  tliat  kiestine  is  composed  of  casein,  a 
butyric  fat,  and  the  plioaphate  of  magnesia.  Such  a  constitution  betrays 
ut  once  it»  relation  to  the  aecielion  of  the  mammary  gland. 

Lelunann,  who  inclines  to  tlie  belief  that  kiestine  is  nothing  e!ac  but 
the  formation  of  crystals  of  triple  phosphate  and  fungoid  and  confervoid 
growths,  which  take  place  when  the  urine  becomes  alkaline,  admits  that, 
unless  it  lias  been  the  b.-isic  albuminate  of  soda  wliich  has  been  mistaken 
for  it,  casein  does  occasionally  occur  in  the  urine.  From  the  acknowl- 
edged fact  that  the  acid  interstitial  juice  of  muscle  tibrc  contains  casein, 
there  can  not  be  any  doubt,  I  tlunk,  that  that  substance  must  pre-exist 
in  tho  blood. 
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Tbe  occurrence  of  casein  tinder  the  form  of  kiestinc  in  the  mine,  in 
quantity  increasing  as  gestation  advances,  indicates  therefore  tliat  the 
aystein  is  assuming  a  propensity  tor  the  generation  of  this  auhstaucc  ixoni 
its  albunienoid  compounds ;  and  since,  in  cases  of  starvation,  the  percent- 
age of  casein  in  the  milk  does  not  seem  to  be  materially  affected,  wc  arc 
to  attribute  ita  immediate  source  to  the  Bystem  ratlier  than  to  tJie  food. 
In  this  respect  tt  ditfera  trom  the  oil/  constituent,  butter,  the  percentage 
amount  of  Tvhich  id  instantly  aflTected  by  vai'iations  in  tlie  nature  atid 
quantity  of  the  food.  It  would  seem,  mdcedt  that,  from  the  same  plastic 
ingredient,  albumen,  the  soft  tissues  of  both  mother  and  infant  arc  fabri- 
cated, with  this  diflcrence,  that  in  the  Litter  case  the  temporary  condition 
of  casein  is  intermediately  assumed.  We  bave  already  remarked  on  the 
identity  of  constitution  of  idbunien,  casein,  and  (ibrin,  ao  far  as  their  car- 
bon, hydrogen,  nitrogen,  and  oxygen  arc  concerned ;  and,  indeed,  these 
compounds  differ  far  less  in  their  physical  characters  from  one  another 
thaa  albumen  in  its  coa^lated  and  uncoagulatcd  state ;  yet  that  differ- 
ence in  physical  quality  may  be  rcadUy  brought  about  by  so  trifling  an 
agency  as  rise  of  temperature  through  only  a  feiv  degrees,  and  is  proba- 
bly dependent  upon  the  different  allotropic  forma  whicli  the  carbon  con- 
stituent is  prone  to  assume.  Giving  due  weight  to  these  various  consid- 
erations, we  shall  find  reason  to  conclude  that  thia  constituent  of  the 
milk,  iJie  casein,  it!  directly  derived  from  llic  system,  wluch  can  manufac- 
ture it  at  a  rate  of  about  30  grains  per  hour,  this  being  about  one  half 
the  quantity  of  fibrin  generated  in,  the  same  period  of  time  Ibr  the  sup- 
port of  the  muscular  tissues.  Chemically,  the.  transition  from  albumen 
to  casein  is  not  to  be  regarded  cither  as  an  asccntbiig  or  declining  meta- 
morphosis, but  only  as  the  temporary  assumption  of  a  state  of  passage 
onward  to  tlic  condition  of  librin. 

Willi  resjiect  to  the  constitution  of  casein  there  is  considerable  doubt. 
Cemrlexim-  The  substance  connnoidy  pa,ssing  midcr  this  tillc  seems  to 
(urc  ofcawiji.  consist  of  at  least  two  different  bodies;  at  all  events,  it  may 
be  separated  into  tiivo  parts,  one  containing  aulplmr,  and  the  other  not : 
moreover,  if  to  niilk,  wbicli  has  Ijecn  perlectly  freed  from  butter,  there  be 
added  dilute  hydrocliloric  acid,  the  ordinary  precipitate  ia  yielded,  but 
there  still  remains  in  solution  an  analogous  body,  which  does  not  precipi- 
tate until  the  mixture  is  boiled.  In  milk,  though  much  of  the  casein  is 
held  in  solution,  much  also  exists  in  the  coagidated  state,  forming  the 
wall  of  tbe  milk  globules.  Its  existence  luider  this  membranous  form 
may  be  demonstrated  by  the  action  of  aceric  acid  on  milk  globules  un- 
der the  microscope,  and  also  by  shaking  new  milk  with  ether,  which  pro- 
duces very  little  change  ;  whereas,  if  tlie  milk  were  only  an  emulsion,  the 
ether  should  take  up  the  fat  and  hold  it  in  solulinn.  Now,  on  the  addi- 
tion of  potash  or  ite  carbonate  to  milk  before  ilic  action  of  ether,  those 
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anbstancca  dissolve  tlie  membrane,  and  then  the  ether  takes  up  the  fat 
and  formd  a  dimly-clear  solution.  We  may  therefore  conclude  that  thf 
substance  we  desiignale  as  casein  conaista  of  two  ingredients,  the  protein 
compound,  which  exists  iti  a  Btate  of  solution  in  milk,  and  nho  that 
which  forms  the  membrane  of  the  fat  corpusclea* 

Many  of  the  remarks  just  made  respecting  the  origin  of  casein  are  ap- 
plicable to  the  saccharine  congtituent  of  the  milk,  the  origin  ori^'fii  <>rtbi.- 
of  which  is  not  to  be  attributed  so  much  to  the  food  directly  sugar  of  milk. 
aa  to  the  system ;  for,  in  starvation,  the  sugar,  like  the  casein,  BtUI  con- 
tinnea  to  form  to  nearly  the  nonnal  ainomit.  I  tEiink  it  is  probable  that 
it3  production  is  due  to  the  liver,  and  is^  in  reality,  nothing  more  thun  an 
indication  of  the  contiimed  action  of  that  gland,  one  of  the  prime  func- 
tions of  which  is  the  generation  of  aacdiarine  compounds. 

From  the  data  now  before  us  respecting  the  origin  of  the  difterent  con- 
stituents of  the  milk,  the  casein,  tlie  butter,  the  sugar,  and  ,j.^^  niH,nm»r» 
the  salts,  we  are  iible  to  come  to  a  detinite  concluaio]!  re-  ulanO  ncu  bj- 
garding  the  physioloj^cal  action  of  the  mammary  gland.  1 
have  entered  on  tiiis  long  disquisition  from  the  important  bearing  which 
the  decision  we  arrive  at  has  upon  the  whole  theory  of  secretion ;  for  if 
there  be  a  gland  in  the  body  in  which  we  should  exjiect  to  iind  proofs 
of  formative  power,  throuj^h  tJic  agency  of  cell  life  or  otherwise,  in  giving 
rise  to  products  that  did  not  pre-exist  in  the  blood,  it  is  certainly  the 
mammar)'.  But  now,  as  it  appears  that  all  the  constituents  which  its 
secretion  contains  are  found  in  the  blood,  we  can  scarcely  suppose  that 
tlie  gland  itself  does  more  tfian  merely  strain  thcrn  out ;  of  course,  in  com- 
mon with  all  such  stnipturea,  it  possesses  what  might  aptly  be  temTcd 
an  elective  filtraling  power:  thus  it  permits  the  exudation  of  the  iodide 
of  potas&ium  from  the  blood,  but  refuses  a  passage  to  the  ferrocyanide. 
And,  finally,  the  conclusion  to  which  we  thus  come  recalls  the  remark 
heretofore  made,  that  the  more  thoroughly  we  study  the  secretions  deliv- 
ered by  the  various  glands,  and  the  more  perteetly  we  identify'the  sources 
from  which  ihcir  constituent  ingredients  have  been  derived,  the  more  we 
should  be  disposed  to  impute  glandular  action  to  the  physical  process  of 
elective  filtration,  and  the  less  to  tlie  agency  of  cell  life, 

or  THE  SKIN. 

The  akin  ia  composed  of  two  layers,  the  epidermis  or  cuticle,  and  the 
derma  or  cutis.  It  contains  two  systems  of  glands,  one  for  the  removal 
of  water,  and  another  for  that  of  oily  substances.  It  also  presents  sub- 
sidiary parts  or  api^^ndagcs,  such  as  the  nails  and  hair. 

The  epidermis,  which  is  the  exterior  portion  of  the  skin,  originates  from 
the  cuti^.  It  hag  a  different  thickness  in  different  parts;  Tbe<!piaennif; 
the  contrast,  in  this  respect,  being  very  well  sliowni  upon  the  ^^  structure. 
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soles  of  the  fi^t  and  the  eyelids.  In  this  respect  its  use  is  mechanicnl. 
It  serves  as  a  protective  covering  to  the  parta  it  envdopSt  Itemg  thick 
where  pressure  and  hard  usHge  have  to  be  provided  for,  and  thinner  where 
there  is  a  necessity  for  motion.  It  consists  of  an  aggregation,  of  nucle- 
ated particles  adlienng  together,  the  deepest  being  granules,  the  inter- 
mediate more  jjerfect  cells,  which  graduailly  bewjme  flattened  acaiea  aa 
they  are  esaniined  nearer  the  surface.  They  undergo  constant  exuvia- 
tion, and  are  as  constantly  replaced  from  beneath,  the  superficial  ones 
Lecoming  dry  and  homy,  thus  furnishing  a  resisting  tegument,  the  oper- 
ation of  which  is  very  well  diaplajed  by  the  action  of  veaicatJiig  agents: 
a  watery  discharge  from  the  ve^sscls  of  tlie  cutis  soaks  through  tlie  lower 
substance  of  the  cuticle,  and  raises  the  dry  layers  above.  The  chemical 
composition  of  these  dry  scales  is  the  same  as  that  of  nail,  hair,  horn, 
and  is  C.g,  II33,  N,,  0,g. 

At  one  time  it  was  supposed  tliat  the  rete  mucosura,  or  layer  of  Mal- 
p  pighi,  which  is  the  lowest  portion  of  the  cuticle,  and  tliere- 

aad  ]ts  color-  ibrc  resting  on  the  cutis,  is  a  distinct  struetiu'e.  It  is,  bow- 
ing nmtier,  ^yer,  merely  t!je  moat  recently-formed  portion  of  the  cuticle. 
The  netted  appearance  it  presents  originates  in  the  eminences  of  the  pap- 
illaJy  structure  below.  Ulany  of  its  conalituerit  particles  contain  col- 
oring matter,  eepecially  in  the  dark  races.  The  pigment  seema  to  be 
produced  by  the  agency  of  the  sunlight  and  continued  high  f  emjyerature, 
though  it  disappears  gradually  as  the  cells  containing  it  approach  the 
surface.     It  yields  a  very  large  percentage  of  carbon. 

Beneath  the  epidermis  is  the  derana  or  true  skiu.  It  ia  composed  of 
^    .  fibrous  tissue,  wliich  also  serves  to  connect  it  with  the  parts 

itacanstrucr-  bcupatEi,  blood-vessels,  lyuiphatics,  and  nerves.  In  its  areolar 
"*"*'  tissue  both  the  white  and  yellow  tibrous  elements  are  found, 

the  proportion  of  each  varying  according  to  the  mechanical  function  the 
part  has  to  discharge,  the  yellow  predominating  where  elasticity  ia  re- 
quired, and  the  white  where  a  resistance  to  pressure.  The  derma  also 
contains  organic  muscular  fibres,  to  which  its  property  of  corrugation,  as 
in  cutis  anserina,  is  due.  On  different  parts  it  is  of  different  thickness, 
being  thinnest  where  motion  has  to  be  provided  for.  A  deposit  of  fatty 
material,  todged  beneath,  gives  it  a  yielding  support.  Its  outer  surface 
presents  a  papillary  structure,  which  is  the  instrument  of  touch.  This  is 
more  perfectly  developed  on  the  inner  surface  of  the  palm  of  the  hand  and 
fingers.  The  furrowed  aspect  of  line  cutis  arises  from  this.  A  farther 
consideration  of  the  mechanism  and  functions  of  the  papilla.-  is  deterred  to 
the  dcscriptioa  of  the  sense  of  toncli. 

Tiie  photographic  engraving,  ^tff.  99,  repreaents  a  thin  section  of  the 
epidermis  of  the  foot  of  the  dog. 

The  general  method  of  an-augemcnt  of  the  constituent  portions  of  the 
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Fi'j.  IfW- 


fi-rptndlriilnT  Bectlitn  of  akin  of 
Efridermii  cI  dog,  uiDeiiiUed  2U  dlaini;tpr& 

akin  inay^  be  gathered  from  the  j>erpcndicular  section  of  that  of  the  ex- 
ternal auditory  meatus  in  Fhj.  100.  «,  the  demia;  &,  rets  mucosum ; 
c,  homy  Itiyer  of  cpiderma ;  d,  coil  of  ceniminoua  glands  ;  e^  their  excre- 
tory duct!!;  y,  their  apertures;;  ^,  hair-sacs;  /i,  aebaceous  glands;  /, 
masses  of  fat.     (KoMiker.) 

Fig.  1(11  shows  the  under  surface  of  the  cuticle  detached  by  macera- 
tion from  the  palm,  exhibiting;  double  rows  of  depressions,  in  whitli  the 
papilla?  have  been  lodged^  with  the  liard  cpitheHura  lining  the  audoripa- 
roua  ducts  in  their  course  through  the  cutis.  Some  of  them  are  con- 
torted at  the  end,  where  they  have  entered  the  sweat  gland.     (Todd  and 

Bowman.) 

Ju<j.  102,  papilhe  of  thcs 
palm,  the  cuticle  being  de- 
tached. (Todd  and  Bow- 
man.) 

Fi'J.  102. 


Fis.  1"1. 


Liwiiir  nulHG  at  Ui«  cuUcto. 


dUiuttcn. 

Fiff.  103,  surface  of  tlip 
skin  of  the  palm,  showing  the 
ridgeST  iiirrows,  cross  grooves, 
and  orifices  of  the  sweat- 
ducts.  The  acaly  texture  of 
the  cuticle  is  indicated  by  the 
irregular  lines  on  the  surface. 
(Todd  and  Bowman.) 
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Fi^.  lOS, 


TiiB  nails. 


Tlie  NaiL8  constitute  one  of  the  appendages 

of  the  epiderma.     They  arc  homy 

coverings  protecting  tlie  extremities 
of  tlic  fijigers  and  the  toes.  They  originate 
in  0.  fold  of  the  cutis,  antl  become  free  at  their 
outer  extremity.  The  nail  grows  from  its 
roots,  increasing  in  length,  and  airauhaneously 
in  tliickncss.  Its  rate  of  growth  depends  upon 
the  general  rate  of  nutrition.  During  periods 
of  sickneaa  or  abstinence,  its  growth  in  both 
directions  is  retarded,  aa  is  indicated  by  a  mark 
or  impression  on  its  surface,  and  so  the  nail 
becomes  a  register  of  the.  condition  of  nutrition 
during  the  period  of  itg  own  existence.  The 
thumb  nail  is  said  to  occupy  about  20  weeks  skiiiofpiim.m*gnifledWdiMneun. 

in  its  growth  from  the  root  to  the  extremity ;  that  of  the  gi-cjit  toe  about 
two  years — an  estimate  which  is  probably  too  long. 

The  HAia. — Each  hair  originates  ia  a  flask-shaped  follicle,  formed  by 
a  depression  of  the  cutia,  and  lined  by  a  contiimation  of  the  cu- 
ticle, and,  like  it,  presenting  scales  on  its  superficies  and  round 
cells  beneath.  The  bottom  of  the  follicle  is  the  place  of  origin.  The 
hair  consists  of  two  portions,  the  outer  or  cortical,  and  the  inner  or  m?- 
dulhirj',  the  proportions  of  which  differ  \(ry  much  in  difJ'ercnt  cases. 
The  surface  of  the  hair  presents  a  layer  of  imbricated  scales,  within  which, 
at  the  lower  part,  are  minute  cells,  but  farther  from  the  root  the  cells  be- 
come larger  and  begin  to  contain  pigment,  the  coloring  matter  being  dis- 
tributed unequally,  sonictimcs  producing  a  tubular  appearance  in  the  axis. 
The  hair  grows  by  constant  prolongation  from 
the  follicle,  its  color  being  due  to  a  peculiar  col- 
ored oil ;  and  in  the  Llaek  varieties,  iron  predom- 
inates.    The  diameter  of  the  haiia  varies  from 

In  I^/ff.  104,  the  structure  of  the  root  of  a  hair 
ajid  part  of  its  shaft  is  displayed.  Unib  of  a 
small  black  hair  from  the  scrotum,  seen  in  sec- 
tion :  a,  basement  membrane  of  the  follicle  ;  6. 
layer  of  epidermic  cells  resting  upon  it,  and  bo- 
coming  more  scaly  as  tiiey  approach  c,  a  layer  of 
imbricated  cclU  fonjiing  the  outer  lamina  or  cor- 
tex of  the  hair :  they  are  more  flattened  and  eoni- 
pressed  the  higher  they  ate  traced  on  the  bulb. 
Within  the  cortex  is  the  proper  substance  of  the 
iiaiMU  hiir  iQ  BMiion-        1^""*  cousisting,  at  the  baae,  where  it  rests  on 
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llie  basement  membtane,  of  small  angolai  cells,  scarcely  larger  than  their 
Ff(f  lOK.  nuclei.     At  d  these  cella  are  more  bulkj, 

and  the  bulb  consequently  thicker:  there 
ia  also  pigment  developed  in  them ;  above 
d  they  assume  a  decidedly  fibroua  char- 
acter, tind  become  condensed  ^  e,  a  mass  of 
cella  in  the  axis  of  the  hair,  much  loaded 
with  pigment.      (Todd  and  Bowman.) 

J^itj.  105  is  an  engraving  of  a  photo- 
grapli  of  a  transvcrae  section  of  liuraan 
hair  from  the  Iiead.  The  outer  line 
shows  the  cortex  ;  in  Ponie  the  pigment- 
ary axis  is  seen  ;  in  most,  however,  it  ia 
absent. 

The  SuDORiPARors  Glands  originate  in  depressions  of  the  cutis  or 
tissues  beneath,  occurring  in  some  parts,  as  in  the  axilla,  -fij^  sudoripft- 
more  numerously  than  in  others.  They  consist  of  a  tube  ""ous  glands, 
wound  on  itself',  and  sometimes  dividing  in  cotivoluted  branches.  Tlie 
knot  thus  arising  is  contained  in  a  cell,  the  wall  of  which  is  copiously 
supplied  with  blood-vessels  :  the  duct  passeet  through  the  superjacent  tls- 
Fig,  Jiifl.  sues.  The  tube  ia  formed  of  a  cylinder  of  basement  mem- 
brane lined  with  cpltlieltum.  The  basement  mem]>rane 
may  bo  considered  to  be  derived  from  the  outer  surt';ice  of 
the  papilliv,  and  the  epitheliu.n  i&  an  external  projection  of 
the  cuticle*  The  duct,  on  its  p.tssage  outward,  loses  its 
basement  membrane  as  it  escapes  between  the  papilla ; 
and  it  has  a  spiral  or  helical  aspect,  an  arrangement  prob- 
ably intended  to  kcpp  the  calibre  open.  It  ia  estimated 
that  the  number  of  sudoriparous  glands  is  about  seven  mill- 
ions, and  the  total  length  of  their  tubing  about  2S  miles. 

I'^iff.  106  in  a  sudoriparous  gland  from  the  palni  of  the 
hand:  a,  a,  knot  of  tubes  witli  two  excretory  ducts,  d,  ft, 
uniting  into  a  helical  canal,  wliich  perforates  the  ppidermiis 
at  i',  and  ojjcns  on  its  surtace  at  d  :  the  gland  is  imbedded 
in  fat  vesicles  at  e,  e.,  e,  e.     (Wagner.) 

The  Sebaceous  Glanps  arc  distributed  in  different 
soddriparowgrUn^,  abundance  in  various  parts,  their  office  beinc  tt...  K.iTui,wwti« 

tutn.  to  lubricate  the  hair,  to  keep  the  skin  m  a  tiex-  g'on^s- 

ible  condition,  and  avoid  the  inconveniences  of  friction.  Their  d\icts 
open  cither  into  the  hair  follicles  or  upon  the  cnticiilar  surface ;  liie  gland 
consisting  of  basement  membrane  lined  with  epithelium,  the  cells  of 
which,  as  they  reach  maturity,  become  tilled  with  a  sebaceous  or  oily  ma- 
terial.    The  ear  glands  of  this  claigs  secrete  a  waxy  malterK 
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Such  being  the  oonatmction  of  the  skin,  we  Iiave  next  to  fipe^k  of  its 
action.  It  discliargea  a  double  function:  Ist*  as  an  eicreting,  and,  2d. 
as  an  absorbing  organ.  In  this  respect  it  has  an  analogy  with  the  mu- 
cous membrane,  which,  indeed,  ie  a  reflection  or  continuation  of  it. 

Of  the  excreting  action  of  tlic  skin.  The  skin  permits  water,  sxdiiir 
Diir&rentkinda  ^^^  ^^^^7  substsnces,  to  escape  from  it  in  quantities  whicli 
ofirtnpjjfltiDa.  differ  on  different  portions  of  its  surface,  the  nature  of  the  se- 
cretions varying  to  meet  local  requirements.  In  the  examination  which 
we  Bjo  now  entering  upon,  we  shall  speak  of  these  substances  and  thcii' 
praportioiis  in  a  general  way,  overlooking,  for  the  time,  the  particular  va- 
riations. Yet  that  such  vnriatioug  exist  is  clear  on  the  most  superficial 
observation.  Tiie  sweat  of  the  feet  differs  from  that  of  the  general  sur- 
face, as,  again,  does  that  of  the  arm-pits. 

It  has  been  usual  to  distinguish  the  watery  transudation  into  two  por- 
QaaniitTof  tions,  that  which  escapes  from  tlie  perspiratory  ducts,  and 
water  ihrouKii  that  passiug  tliTough  tlic  aurfacc  of  the  cuticle.  It  has  even 
from  thn  "Iticu  ^cen  said  that  the  true  glandular  secretion  passing  from  the 
cMDiparfi!.  ducts  ia  not  more  than  one  SL.\tii  of  tlie  total  cutaneous  ex- 
udatioE ;  but  this,  I  believe,  is  altogether  erroncons.  When  we  recall 
the  impermeable  nature  of  the  Jiomy  and  dried  scales  which  constitute  the 
outer  portion  of  the  cuticle,  and  (hat  these  are  constantly  coated  over  with 
an  oily  varnish  issuing  front  the  sebaceous  glands,  we  may  inter  that  the 
cutaneous  surface  between  tl  e  mouths  of  the  perspiratory  ducta  Ih  con- 
structed rather  for  the  hindrance  of  evaporation  than  for  its  promotion; 
and  though  the  oily  matter  with  which  the  ekin  is  thus  imbued  is  justly 
regarded  as  having  far  one  of  its  functions  the  prevention  of  injury  irom 
the  admission  of  external  raoiatui-e,  it  must  be  equally  effectual  in  stop- 
ping the  escape  of  water  from  within.  The  tardy  manner  in  which  wa~ 
ter  thus  escapes  is  illustrated  by  the  operation  of  blisters* 

Under  the  form  of  steam,  water  continually  escapes  from  the  skin.  It 
F  h  laiio  ^^^^'  "^^  certain  occasions,  issues  in  the  liquid  state  .t3  dropp 
aj:d  pi!rapirj..  of  Bwcat.  To  its  cscHpc  uiidcr  the  fonu  of  steam  the  desig- 
"""■  nation  of  exhalation  or  insensible  j>erspiration  is  given  ;  but  if 

under  the  form  of  sweat,  that  of  Hcnsible  perspiration. 

Of  Exhalation. — On  condensing  the  vapors  wluch  arise  from  the 
skin,  they  are  found  to  consist  of  water  containing  a  little  acetate  of  am- 
monia. With  the  water  likewise  escajKs  carbonic  acid  gas.  With  a 
view  of  ascertaining  the  weight  of  the  matters  thus  lost,  Seguin  inclosed 
p.      .  himself  in  an  air-tiglit  bag,  the  mouth  of  which  was  gummed 

toascertabiha  upoTi  lus  face  in  sucli  a  Way  as  to  permit  the  access  of  air  to 
tTe^sclp'inJ*'  ^^^  respiratory  organs.  He  then  determined  the  weight  of 
through  the  his  body  and  the  bag  together.  jVfter  several  hours,  on  re- 
weighing,  he  ascertamed  the  amount  of  loss  by  pulmonary 
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exlialation.  Tlien,  taking  off  the  air-tiglit  bag,  he  was  weighted  again, 
and  alter  another  intierval  once  more.  The  difference  between  the  two 
last  weigliings  is  the  amount  of  tiie  pulmonaiy  and  cutaneous  cxhitlation 
together,  and  from  those  datfi,  by  a  gimple  arithmetical  caJciilatiot],  the 
value  of  each  may  be  determined.  By  theae  experiincnta  it  a]*peared 
tluLt  the  loss  by  pulmonar)^  and  cutaneous  exhalation  together  is,  on  an 
ftverage,  eighteen  grains  per  minute,  of  which  seven  iaaue  from  the  lungs 
and  eleven  from  the  akin.  The  variable  action  of  the  skin  is,  howevec, 
well  illustirated,  hy  the  extreme  numltera  observed,  tlie  minimum  being 
eleven  grains,  and  the  inaximnm  thirty-two.  From  the  experiments  of 
Valentin,  the  average  of  loss  through  the  akin  is  two  pounds  and  nearly 
half  an  ounce  a  day..  Seguin'a  exjieriments  would  make  it  two  pounds 
and  tlirec  quarters.  It  has  been  shown  in  Chapter  X.  that  f,^^^^^  ^^f  ^j^^ 
the  action  of  the  skin  is  partly  meteorological:  the  amount  variable  action 
of  water  passing  through  it  depends  on  the  dew-point,  the 
atmospheric  temperature,  the  conduct ibility  and  perviousncas  of  the  cloth- 
ing. Whatever  physical  circumstances  promote  aurface  evaporation  cor- 
reajKindingly  promote  the  action  of  the  skin.  Bloreover,  this  membrane 
acts  vicariously  with  the  kidneys,  and  this  not  only  as  regards  the  water, 
but  also  aa  regards  the  solid  matter,  a  large  amount  of  which  ia  thrown 
off  in  the  course  of  the  day. 

In  all  eomputations  of  the  quantity  of  water  ehminated  by  the  skin, 
it  sliould  not  be  overlooked  that  any  inclosing  barrier  or  hag  must  neces- 
sarily occasion  a  complete  alteration  in  the  conditions  under  which  the 
action  is  occurring.  C*n  the  whole,  it  ia  jwrlmps  most  probalhle  that  the 
ratio  of  the  matters  expired  through  the  skin  and  those  expired  by  the 
lungs  13  as  9  to  5. 

Besides  the  water  secreted  by  the  sudoriparous  glands*  carbonic  acid 
and  nitrogen  escape.  Their  relative  proportion  ia  variable^  Transpiration 
and  seems  to  deiwnd,  among  other  tilings,  upon  the  nature  of  "f  ksms. 
the  food,  the  carl  ionic  acid  increasing  under  a  vegetable,  and  the  nitrogen 
under  an  iimmal  diet,  from  the  experiments  of  Dr.  J.  C.  Draper,  above 
referred  to,  it  appears  that  the  absolute  amount  of  these  gases  is  influ- 
enced by  exercise. 

Op  PerspirattOn. — Wlien  the  atmospheric  temperature  is  high,  and 
more  particularly  if  muscular  exertion  Ije  resorted  to^  the  rnjrrp'ii^'iiee  of 
quantity  of  water  issuing  from  the  perapimtory  ducts  ia  so  p<^"i'i"''''""'a. 
great  thnt  it  can  not  be  evaporated.  It  tiien  exude,'?  as  drops  of  sweat, 
which  become  mingled  with  the  oily  secretion  prepared  by  the  sebaccons 
glands.  From  this  commingling  it  is  scarcely  possible  to  obtain  the 
sweat,  in  an  uncontaminated  conthtlon,  suitable  for  analysis,  or  t'.vcn  to 
exclude  the  detritus  of  the  cuticle  itself.  In  a  thousand  parts  of  sweat 
there  are  from  five  to  twelve  and  a  half  parts  of  solid  material.     Thenard, 
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bj  resorting  to  the  expedient  of  wearing  for  aome  days  a  fltinnel  shirt 
which  had  been  thoroughly  washed  in  distilled  wg.ter»  ascertained,  after 
it  had  again  been  waslied  in  distiiilcd  water,  that  it  had  become  imbued 
mth  the  cldoride  of  sodium,  acetic  acid,  phospliiite  of  soda,  phosphate  of 
lime,  oxide  of  iron,  and  an  animal  substance.  Bcrzelius  found  in  the 
sweat  of  the  forehead  clUonde  of  iFtodiumt  Inctic  acid,  and  muriate  of  am- 
monia. Besides  these,  other  elicraifits  Iiavt^  found  butyric  acid,  the  car- 
bonates and  Bulpiiatea  of  potash  and  soda,  and  the  carbonate  of  lime. 
That  swejit  contains  sulphur  is  proved  by  keeping  a  portion  of  it :  when 
putrefaction  ensues,  the  sulphide  of  ammonium  ia  disengaged. 

Fourcroy  first  detected  urea  in  perspiration,  an  observation  subs&- 
quently  conlirtned  by  Landerer  and  others.  TJiat  the  skin  can,  under 
eertain  circumstances,  excrete  urea,  in  proved  by  the  interesting  fact  that 
this  substance  somelimcs  occurs  as  a  bluish  powdery  material  on  the 
bodies  of  those  who  have  died  from  cholera. 

In  the  perspiration  formic  acid  also  exists,  and  in  certain  conditions 
Occurrence  of  °^  disease,  as,  for  instance,  intermittent,  it  Occurs  in  consid- 
fcnnic  aciil  In  cTablc  quantity.  Its  origin  may  be  from  lactic  acid,  which 
penp  rn  lott.  p^j^gpa  through  lliiH  Combination  in  gradually  proceeding  to 
Its  final  deatniction  into  carbonic  acid  and  water.  It  liais  been  asserted 
that  the  increased  acidity  of  rheumatic  sweats  is  due  to  a  coucentration 
from  evaporation. 

The  sudoriparous  glands  ficcrcte  a  portion  of  fat,  as  is  demonstrated  by 
Erpcrtmcntof  the  experiment  of  Krause,  who  removed  from  the  palm  of  the 
KrnoM,  hand,  on  which  there  arc  no  sebaceous  glands,  loose  epithe- 

lial scales  and  fut  by  meoiia  of  ether  and  friction,  and  then  placed  ujMn  a 
square  inch  of  it  several  thiclincsscs  of  filtering  paper,  which  was  kept 
in  contact  for  one  niglit,  and  properly  protected  externally.  The  paper 
yielded  to  the  action  of  el  her  a  fatly  substance,  which  contained  marga- 
rine and  oil,  in  quantity  sufficient  to  make  tissue  paper  trannlucent. 

But,  besides  the  saline  substances  thus  dissolved  in  water,  the  skin, 
Secrctiunoffat  '^l^^'oiigh  tlic  aclio!!  of  its  scbaceous  glands,  Fecretes  olcagin- 
mrd  oil  from  ou3  material.  The  nature  of  this  fatty  substance  dliflbrs  on 
bfferent  regions,  or  according  to  the  purposes  to  which  it  is 
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to  be  applied.  Where  the  ducts  of  the  sebaceous  ghinds  open  into  the 
hair  follicles,  the  fat  is  of  a  liquid  ot  oilj'  nature.  Sometimes  etearine 
and  margarine,  sometimes  choleaterine  is  set  free.  Before  birth,  tliia  last 
substance  ig  the  chief  constituent  of  the  vcmix  caseosa,  coating  the  but- 
face  of  the  skin.  In  tins  manner,  sometimes  the  saponifiable  and  some- 
times the  non-saponitiable  fals  or  lij'ioida  are  used. 

In  the  midst  of  these  complex  actions  a  very  important  principle  may 
i>0Tibic  action  be  discemed.  I  iiave  spoken  of  the  double  action  of  the  kid- 
nfihenlim.       j,gy^  jjg  mechanism  for  removing  saline  solutions,  and  al»o 
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Uiat  for  combustible  material,  I  h&ve  now  to  present  tlie  skin  under  tbe 
same  aspect.     It  ia  not  a  mere  analogy  tliat  exists  between  the  action  of 

these  organs ;  the  occurrence  of  urea  and  of  the  ealt  substanccsj  the  nameR 
of  wliicli  have  been  sjpecitied  in  both  secretions,  is  a  fact  of  the  utmost  sig- 
lulicance.  I  believe  that  the  sudoriparous  glands  are  the  counterparts 
of  tho  ?[alpighiaii  Ixidies,  and  the  sebaceous  glanda,  in  their  function,  ai't 
the  coiuiterparts  of  the  uriuiibrous  tubes.  Indeed,  this  double  action  is 
also  distirguidbed  in  the  case  of  the  mucous  njembrune^^  which  possess 
one  instrumental  arrangement  tor  tlie  transit  of  saline  aolutiona,  and  an- 
other for  that  of  fats.  And  since  tlie  skin,  llie  in\icou8  membrane,  and 
the  great  glanda  connected  with  it,  are  at)  to  Ije  regarded  as  devclopmenta 
of  one  original  tissue,  we  should  expect  to  discover,  even  in  tjieir  conccn^ 
fration  or  specialisation  of  function,  the  traces  of  their  original  and  com- 
mon property.  Development  takes  julace  from  the  general  to  the  special ; 
and  hence,  in  jwirts  which  have  arisen  from  the  flame  primordial  structure, 
though  they  may  be  charged  with  the  accomplish racnt  of  functions  which, 
in  appearance,  differ  eascntially,  there  may  beT  both  in  tJieir  action  and 
in  their  construction,  the  traces  of  their  original  identity.  It  is  in  this 
luamier  tliat  the  kidneys,  and  skin,  and  mucous  membrane,  possess  the 
property  of  acting  vicariously  far  one  another  Tlie  kidney  can  dis- 
charge water  for  the  skin,  or  tbe  skin  un-a  for  thv  kidney.  The  com- 
hustible  matter,  ktunvn  as  extractive  in  the  urine,  can  be  set  free  under 
diniinijihi'J  lenal  action  by  the  sebaceous  glands,  and  the  saline  solutions, 
eliminated  by  the  convoluted  tubing  of  the  tufts  of  Slalpighi,  can  be  set 
(Tce  by  the  convolulM  tuhing  of  the  sudoriparoiLS  glands.  In  connection 
with  the  views  I  am  here  imprcBStng,  I  would  recall  the  structural  and 
functional  analogy  there  is  between  the  transuding  mechanism  of  the 
kidney  and  the  transuding  mechanism  of  the  skin.  Both  are  arrange- 
ments of  thin  con\uluted  tubes,  and.tlic  same  may  be  rcinarked  as  re- 
gards the  elimination  of  combustible  material,  which  is  probably  accom- 
phshcd  by  cell  action  in  the  uriniferous  tubes,  and  again  by  cell  action 
in  the  sebaceous  glands. 

Beside.s  exercising  the  functions  of  exhalation  and  perspiration,  nu- 
merous facts  demonstrate  that  the  skin  exerts  an  absorbent  ALsorptLonbv 
action.  The  endermic  appUcation  of  remedial  agents  eatab-  of  Kasos  ud 
liahes  this  in  a  satisfactory  manner.  That  water  can  tind  liqiida. 
access  in  this  way  is  shown  by  the  assuaging  of  the  thirst  which  may 
occur  on  taking  a  Iwith ;  nor  is  the  amount  insignificant,  since  it  may 
give  rise  to  a  considerable  increase  of  weight.  Thus  lizards,  winch  Imve 
Ijeen  kept  in  a  dry  atmosphere,  and  thereby  suffered  a  diminution,  recov- 
er their  original  weight  after  immersion  hi  water;  nor  is  it  necessary 
that  the  whole  skin  should  be  brought  into  contact  with  that  liquid ; 
the  same  result  is  obtained  if  merely  the  tail  and  hinder  parta  are  im- 
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mersed.  GafieooH  aubBtancea  also  find  entrance  through  the  akin.  If 
the  hand  be  put  into  a  bell-jar  containing  oxygen,  nitrogen,  or  carbonic 
acid  at  the  pneumatic  trougli,  absorption  of  those  gasea  ensues.  Proba- 
bly it  ia  a  standard  fimction  of  the  skin  to  permit  a  partial  artcrialization 
of  the  blood,  atmoapheric  oxygen  being  exchanged  for  carbonic  acid 
tbrougt  it,  an  action  the  residual  trace  of  the  coramunity  of  function  be- 
tween the  skin  and  mucous  membrane.  In  the  case  of  Bome  animals 
this  cutaneous  respiration  is  well  marked. 

Eecapitidating  now  the  more  important  actions  of  the  skin,  the  follow- 
SammaiT  of  ^o  Statement  may  be  made :  It  regulates,  to  a  certain  extent, 
the  fiinetfoM  the  amount  of  water  in  the  system,  disposing  of  it,  as  the  caae 
"  '  "  ■  "  may  be,  either  as  sensible  or  insensible  transpiration.  The 
water  doubtlesa  maintains  its  liquid  condition  until  it  presents  itaeH"  at 
the  moutha  of  the  sudoriparous  ducts,  nioietening  the  general  surface  of 
the  akin,  and  then  being  evajKirated ;  or,  if  the  supply  be  greater  than 
can  be  thus  removed,  it  accumulates  as  drops  of  sweat.  There  appears 
to  be  no  Hubatantial  reason  for  believing  tliat  any  portion  of  water  trans- 
udes directly  through  the  structmre  of  the  cuticle,  since  the  scales  which 
compose  it  are  of  an  impervious  and  almost  homy  nature,  and  their  in- 
terspaces are  fortified  against  any  eucli  leakage  by  the  oily  exudations 
of  the  sebaceous  glands.  With  the  water  thus  presenting  on  the  snrfaw 
are  many  compounds  which  are  also  constituents  of  the  urinary  secre- 
tion. Among  these,  urea  may  be  particularly  pointed  out,  thus  indicating 
a  eimilflxity  of  instrumental  action  between  this  organ  and  the  kidneys, 
and  this  ia  farther  substantiated  by  both  containing  provisions  for  the 
elimination  and  escape  of  the  hydrocarbons ;  but  besides  these  direct 
functions  there  are  other  very  important  collateral  agencies  which  the 
skin  exerts,  and  particularly  as  a  regidator  of  temperature.  In  this  re- 
spect the  action  is,  to  a  certain  extent,  meteorological.  But  this  has  been 
pre^noufily  treated  of  so  much  in  detail  that  it  ia  unneceaaary  to  resume 
the  consideration  of  it  now. 


DECAY  AND  NUTBITION.  3)18 


CHAPTEE  XIIL 

OF  DECAY  AUD  NUTRITION. 

OfDtanf :  Lots  of  Weight  in  St<irratNm.~Interititial  Death.— Effect  of  AUotroptm. 

(if  Svtrifiaa. .-  Nulrilionj'or  R^air  and  Nvtrilianjbr  Hetitodtliaif,  iHuatraled  in  the  caseB  of  Fat 

and  BofK  rexpecTivr/if. 
Of  fat ;  It»  Pecalairitie^,  modfs  of  Orrumenfr.,  and  Orii/ia. — /aijuir^  whether  Amrnabi  ever  form 

fat. — Artijidui  I'rodfiethn  if  ii.^^AmiiKtU  ixt'k  ctj/tert  it  mid  make  U.—Accttimiatioa  of  il 

erpenda  ^itmifeiiiaed  Tissue.  —  Conditions  nf' lfi6  /•hliemnt/  nf  Animalg, —  SnTiimary  of  tlie. 

Sovrtxs,  iMptml,  ami  inanna-  qf  Hemovai  of  FaL — It*  portiai  Oxidations. — Summary  ffif" 

U»t*, — iVifrojfaii^ed  ,V(rfri  (ion. 
Qflionei  The.  Skeleton.  —  Stntciu/^e  m\d  Chemical  Catapoatioa  of  Bone.  —  Soitras  tfUi  Con- 

Blifiwiitt. —  TTie  I'raiyJtr  of  Osgijicui-ian. — Fjjicriinenta  oa.  the  Oroiolh  ff  J3o!K. — Tnfiitaieg  of 

Phgtieai  Ageatt  on.  Deveit^rneat  and  Nutrition. 

OF  DECAY. 

The  fttiimal  mccliaiusTn,  as  a  condition  of  its  activity)  ia  constanlly 
giving  rise  to  waated  producta^,  its  parts  in  succession  passing  Rciro—^^e 
througli  retrograde  tnetaraorphosis  or  decfiy^  From  tlie  elal>^  metomorphtv 
orate  organization  which  they  have  maintained,  thej  go  hj 
degreea  through  a  descending  course,  whicli  brings  them  nearer  and 
nearer  to  the  inorganic  state.  Thus  the  fats,  falling  from  one  step  to  aji- 
o^er,  finally  emerge  from  the  system  as  carbonic  acid  and  water,  and 
thus  the  complex  atom  of  protein  degenerates  into  those  substances  aiid 
anunonia. 

To  this  steady  wasting  away  we  offer  no  resistance.  Having  no  in- 
terior principle  of  conservation,  tlie  organism  delivers  itself  !<>»  of  weight 
up  unresistingly,  and,  if  its  necessary  supplies  be  withheld,  '°  b^"-'^'^'''"- 
very  soon  succumbs.  The  experiments  of  Chossat  show  that,  taking  the 
mean  of  forty-eight  casea,  includmg  rabbits.  Guinea-pigs,  turtlc-dovea, 
pigeons,  hens,  and  crowa,  the  body  loses  39.7  per  cent,  of  its  weight  be- 
fore death  by  starvation  eneues ;  that  mammals,  during  the  process  of 
inanition,  lose  daily  4.0  per  cent,  of  their  weight ;  and  birds,  as  indeed 
might  be  expected  fi'om  their  higher  rate  of  respiration,  4.4  per  cent.  It 
follows,  therefore^  that  such  animals,  under  these  circumstances,  lose  one 
twenty-fourth  part  of  their  weight  per  diem  by  deatruction  of  tissue,  a 
result  which  corresponds  with  that  of  Schmidt's  experiments,  which  lead 
to  the  inference  that  the  daily  amount  of  properly-selected  food  which  an 
animal  requires  must  amount  at  least  to  one  twenty-third  of  its  bodily 
weight. 

That  the  functional  activity  of  a  part  implies  destruction  is  very  well 
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illiietrated  by  the  gradual  waste  of  the  muacles  under  use  ;  that  nervous 
Necessiij'cf  activity  IS  also  dependent  on  oxidation,  is  indicated  by  the 
repoir.  appearance  of  alkaline  phosphates  in  the  urine.     Generally, 

(he  more  active  the  function,  t!ie  shorter  the  lite  of  a  part ;  but  even  the 
hair,  the  teeth,  the  cuticle,  the  activity  of  which  is  very  low,  are  no  ex- 
ceptions, for  they,  too,  have  a  limit  of  duration,  and  provisions  for  repair 
or  renewal.  Thus,  as  the  smfacc  of  the  cuticle  abrades,  it  is  restored  by 
the  development  of  new  cells  below,  and  their  gradual  drying  up  into 
scales ;  and  aa  regards  the  teeth,  the  second  set  arise,  as  it  may  be  said, 
from  gen]ia  which  have  Ireen  left  by  tiie  first,  bo  tJiat  when  tiic  crown  of 
the  deciduous  tooth  dies,  and  its  fang  and  vascular  arrangement  are  ab- 
sorbed, the  new  tooth,  is  ready  to  take  its  place. 

Since  it  ia  not  merely  superficial  parts,  as  the  Liir,  the  teeth,  or  the 
Intetstitial  cuticle,  but  also  the  deep-seated  or  interior  ones,  that  undergo 
dwih.  these  changes,  the  appropriate  designation  of  interstitial  death 
has  been,  introduced.  The  removal  of  tlie  effete  material  is  accompljah'- 
ed  by  the  aid  of  the  blood,  which  oecasiona  partial  or  perfect  oxidation, 
with  a  corresponding  liberation  of  heat,  and  then,  dissolving  the  products 
(hat  have  arisen,  carries  them  away.  We  Jiavc  heretofore  discussed  the 
question  how  it  is  that  ihia  oxidizing  action  of  the  arterial  blood  is  lim- 
ited to  the  dying  parts,  and  how  those  which  aie  yet  capable  of  taking  a. 
share  in  organization  are  protected.  It  appears  to  mo  tlu>t  we  are  obhged 
Decav  dcnen-i:  '^  admit,  in  tiic  mceJianism  of  living  beings,  those  peculiar 
itiion  aiioiroii-  condltions  wliich  botli  simi^lc  and  compound  bodies  may  aa- 
Runic,  and  which  arc  known  aa  allotropic  states  in  chemistry. 
The  indifference  to  oxidation  which  carbon,  under  the  form  of  diamond, 
presents,  contrasts  strikingly  with  the  ■extreme  combustibility  of  lamp- 
black. The  ready  oxidJbility  of  phosphorus,  which  causes  the  shining 
from  which  it  has  derived  ijs  name,  is  no  longer  recognized  in  that  other 
phosphorus  wiiicli  haa  been  acted  on  by  the  more  refrangible  rays  of  the 
sun.  j^nd  these  are  qualities  which  elementary  atoms  carry  with  them 
when  they  go  into  union  with  other  bodies,  aa  is  well  displayed  by  the 
two  distinct  forms  of  phosphurcted  hydrogen  gas,  bodies  having  the 
same  composition,  but  the  one  apontanconsly  combustible  and  the  other 
not.  Some  reasons  liave  also  been  offered  for  imputing  to  the  nervous 
system  a  control  over  tbeee  atlotropic  changes,  and  under  thia  point  of 
view  we  must  regard  it  as  having,  for  one  of  its  prime  duties,  the  regu- 
lation of  decay.  These  conclosions  receive  weight  from  the  considera- 
tion that  in  plants,  in  the  economy  of  which  no  interstitial  deaths  arc 
taking  place,  no  nervous  system  is  found. 
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Interstitial  death  and  retrograde  mctamorphoRia  imply  removal ;  but^ 
besides  the  removals  ot"  wasted  material,  on  account  of  its  in-  NueriiiMii  for 
iibility  to  be  any  longer  subacrvicnt  to  the  uses  of  the  econ-  S",",  I^f'^^"" 
omy,  there  are  also  subordinate  removals,  ivhich  are  con-  madding. 
iieoteJ  with  the  necessary  xcmodeling  of  parts.  Thus,  during  tbc  growth 
of  the  iskeleton,  bone  earth  is  transferred  from  one  point  to  another,  the 
o&eeous  cavities  enlarged  or  altered,  mid  the  substance  taken  from  them 
is  carried  to  other  points  where  it  is  needed.  Under  such  circumstances, 
tlie  disappearing  part  ia  not,  in  reality,  giving  rise  to  useless  products. 
The  substance  thus  taken  from  the  position  it  occupied  ia  as  valuable  as 
it  ever  was,  and  accordingly  it  ia  employed  over  again. 

The  restoration  of  material  in  the  place  of  that  which  ia  being  con^ 
smned  for  use,  and  even  the  preservation  of  excesses  which  may  be  of 
value  at  a  future  time,  is  very  well  illustrated  by  the  depos?it  of  fat  in  the 
adipose  tissue.  Transference  from  point  to  point  of  material  which  has 
undergone  no  deterioration  may  be  studied  in  the  hiatory  of  the  growth 
iUid  development  of  bone.  To  these  cases  in  succession  I  propose  to 
direct  attention. 

First.  Of  the  uac»  sources,  and  manner  of  deposit  of  the  fat. 

The  use  of  fat  in  the  animal  economy  doubtless  depend?  on  its  hcat- 
inaking  power;  for,  though  there  are  many  different  varieties  physioloi^ical 
of  thia  substance^  solid  and  liquid,  they  arc  all  characterized  "^inHo^ff  f»t- 
by  an  analogy  of  composition,  all  containing  a  great  excess  of  unoxidized 
hydrogen.  It  is,  indeed,  on  this  peculiarity  that  their  employment  in 
domestic  economy  depends.  They  are  all  highly  combustible,  and  evolve 
30  much  heat  as  to  be  very  available  for  the  production  of  tlame. 

For  the  better  understanding  of  the  functions  discharged  by  fatty  sub- 
stances, we  may  perhaps  proHtably  offer  the  following  statement  of  their 
chemical  relations. 

When  a  fat  or  oil  is  acted  upon  by  an  alkdi,  in  contact  with  water  at 
its  boiling-point,  decomposition  ensues,  a  fatty  acid  and  gly-  pj^^^j^j  _. 
serine  being  disengaged^  and  the  acid,  uniting  with  t]ie  alkali,  .uiiarities  of 
gives  origin  to  a  aoap.  During  this  action  no  oxygen  is  ab- 
sorbed, but,  since  the  compounds  arising  present  an  increase  of  weight,  it 
is  evident  that  there  has  been  an  assimilation  of  water.  In  view  of  these 
facta,  it  is  therefore  inferred  that  the  oila  and  fata  are  composed  of  a  fatty 
acid  united  with  the  oxide  of  a  radical,  to  which  the  designation  of  lipyl 
has  been  given,  and  which,  when  it  is  displaced,  combining  with  water, 
gives  origin  to  glycerine. 

Glycerine,  which  ia  a  substance  of  considerable  physiological  import- 
ance, Is  a  pale  yellow  liquid,  of  a  sweetish  taste,  and  attracting  moisture 
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from  the  air.  If  fermented  in  a  large  qiuantity  of  water  with  yeaat,  it  is 
conTcrtedi  into  metacetonic  acid.  It  occura  -in  tlie  yolk  of  the  egg,  and 
also  in  the  tata  of  the  brain.  By  gradual  oxidution,  it  can  give  rise  to 
lactic  acid. 

The  physical  properties  of  the  fata  depend,  for  the  Tnost  part,  on  the 
nature  of  their  acids.  The  Jata  derived  from  animals  are  of  variona  de- 
grees of  consifltency  ;  they  arc  colorless  or  white,  lighter  than  wnter,  bad 
conductora  of  heat.  They  arc  insoluble  in  water,  and  burn,  in  the  prca- 
ence  of  air,  into  carbonic  acid  and  water,  with  the  evolution  of  much  heat. 
By  the  action  of  certain  nitrogenized  ferments  they  may  be  separated  into 
their  acid  aiid  glycerine,  and  by  the  action  of  pancreatic  juice,  as  ex- 
plained previoualy,  may  be  bronght  into  the  condition  of  an  emulsion^ 
The  more  important  of  the  animal  fata  are  atearine,  margarine,  and  oleine* 
PlBMftorowTtr-  They  are  inclosed  in  cells  accumulated  in  Tarious  parta  of 
WDce  of  fat.  the  Hystem,  such  as  in  the  orbit  of  the  eye,  around  the  heart, 
and  among  the  muscles  of  the  face,  under  the  cutis,  and  within  the  bones. 
In  morbid  states  they  aometimea  abound  in  the  kidneys,  liver,  and  spleen. 
They  are  also  discovered  in  some  of  the  animal  fluids :  thus  tliey  commu- 
nicate to  the  chyle  its  character!  a  tic  property,  and  therefore  likewise  oc- 
cur in  the  blood*  In  their  relative  amount  they  vary  at  different  periods 
of  life,  being  in  a  larger  proportion  in  childhood,  and  again  after  the  mid- 
tUe  period.  Their  quantity  likewise  changes  with  physical  changes,  di- 
minishing, for  instance,  after  continued  muiacnlar  exertion,  and  also  by 
long  espoaure  to  cold. 

Though  the  amount  of  fat  in  the  blood  varies  with  the  nature  of  the 
Quantity  of  fat  food,  it  can  not,  howBver,  be  incrcaserl,  in  a  state  of  health, 
ia  the  blood,  beyond  a  certain  pointy  owing  to  the  inability  of  the  abaorb- 
enta  to  receive  more  than  a  definite  quantity.  The  serum  of  arterial  con- 
tains leas  fat  than  the  serum  of  venous  blood  ;  the  blood  of  women  more 
than  that  of  men. 

The  manner  of  occuirence  of  fat  in 
organized  structures  ia  twofold :  oft- 
en it  occurs  in  the  tree  state,  but  also 
is  very  commonly  inclosed  in  the  in- 
terior of  cells,  aa  shown  in  Fiij.  107, 
which  is  a  fat-eell,  a  being  the  adi- 
pose membrane,  and  b  the  nucleus. 
Fig.  108,  adipose  and  areolar  tissue :  a,  a,  fat- 
cells;  fr,  fi,  fibres  of  areolar  tissue. 

Respecting  the  origin  of  the  fat  substances  in 
Fats  arise  from  pUuts  thcfc  can  be  uo  quEstion.     They 
"oTi^DJli.    ^^  derived  from  the  decomposition  of    A-^i-    '  '  '     "'  ^"'^'• 
turoingthfirtio.  carbonic  acid  and  water  by  those  organisms  under  the  in- 
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fluence  of  the  raya  of  the  sun.  It  is  intereating  to  remarJc  tbs^t  to  these 
same  binary  bodies  do  the  fats  rctQTQ  after  accomplisliing  the  succcaaive 
stages  of  their  metamorphosis  in  the  economy  of  animals.  From  car* 
boiiic  acid  and  water  tJiey  come ;  to  carbonic  acid  and  water  they  return. 

But  the  origin  of  the  fatty  aubstanccs  of  animals  is  by  no  meana  so 
clear.  One  of  the  questiona  which  have  been  debated  in  chem-  _  .  . 
icd  physiology  is,  Bo  animals  collect  ftom  their  food  all  the  coUeciorfali- 
fat  they  require,  or  have  they  the  power  of  making  it  for  them-  "™'"''  *"■ 
selves?  In  the  preceding  chapter,  under  the  description  of  the  origin  of 
the  butter  of  inilk,  we  have,  in  part,,  anticipated  the  facts  whicli  might 
here  be  presented-  Keferring,  therefore,  to  what  has  there  been  said,  it 
will  be  sufficient  now  to  admit  the  general  conclusion  tliat  fats  and  oils 
very  abundantly  occur  in  plants. 

But  instances  are  not  wanting  which  show  that  from  other  sources 
than  the  vegetable  kingdom,  and  by  processes  very  difi'erent  to  those  ex- 
ecuted by  plants,  fats  may  be  made  from  substances  in  which  they  did 
not  pre-exist.  We  select  some  of  these  which  have  been  otfcred  by  chem- 
ists who  have  asserted  the  power  of  the  animal  system  for  such  a  form- 
ation of  fat. 

lat.  When  an  animal  body  is  buried  under  certain  circumstances,  it 
does  not  undergo  putiefactjon,  but  changes  into  a  fatty  or  aoapy  -  . . 

substance,  adipocire.  Attention  was  first  directed  to  this  fact  sianccB  of  Ets 
on  the  occasion  of  exhimiing  many  bodies  from  the  cemetery  ''°'"'^''^"^^' 
of  Innocents  in  Paris.  Those  wliich  lay  a  certain,  depth  beneath  the 
ground  were  found  to  have  undergone  the  change  in  question ;  but  that 
it  does  not  altogether  depend  on  the  condition  of  the  earth  of  the  grave, 
as  res].}ecta  moisture  or  oilier  such  physical  state,  I  have  myself  had  the 
opportunity  of  verifying  in  the  case  of  a  subject  which  had  been  buried 
for  nineteen  years,  and  which  waa  disinterred  in  a  condition  of  perfect 
preservation,  so  far  as  exterior  appearance  went,  but  which  had  been 
wholly  converted  into  adipocire.  Yet,  from  the  same  burying-ground, 
many  other  bodies  were  disinterred,  but  none  had  undergone  a  like  change. 

2d.  When  nitric  acid  is  made  to  act  on  fibrin  apparently  deprived  of 
its  fat,  an  oily  substance  is  disengaged. 

3d.  During  the  action  of  nitric  acid  on  starch,  in  the  preparation  of 
oxalic  acid,  a  like  effect  takes  place,  oily  matter  being  net  free. 

4th.  As  has  been  described  in  a  preceding  chapter,  butyric  acid  may  be 
prepared  from  sugar,  through  the  influence  of  casein,  in  the  presence  of 
carbonate  of  lime. 

Though  the  conversion  of  albumenoid  bodies  into  fat  has  not  thus  far 
been  distinctly  accomplished  in  an  artificial  way>  no  doubt  production  of 
can  exist  tliat  it  is  possible.     Indeed,  the  experiments  of  fatfrom  alim- 
Quain  and  Virchow  respecting  the  origin  of  adipocire  have  °*^"""^  UodieB. 
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led  tliem  io  regard  it  as,  at  aU  events  to  some  extentt  arising  from  the 
albuminous  constituents  oftlic  muscles  being  derompoaed  into  iatty  acida 
and  ammoniacal  salts.  Wagner,  Donderg,  Burdach,  and  others,  have  fur- 
nished many  intei-esting  experiments  on  the  apparent  transmutation  ot' 
various  liodies,  such  as  piccea  of  coagulated  albumen,  crystalline  lenses, 
etc,  in  the  abdominal  cavitiGS  of  birds.  These  extraneous  objects  after  a 
time  become  enveloped  in.,  and  in  some  cnises  permeated  by,  fattj-  mate- 
rial. But  that  this  does  not  arise  from  metamorjihosia  of  the  protein 
body  introduced,  waa  well  proved  by  the  last  observer,  who  employed 
pieces  of  wood  bhcI  the  pith  of  elder  with  the  same  reBult. 

Whatever,  therefore,  may  be  the  concluaion  arrived  at  on  the  eases 
_         ,  here  introduced — whether,  during  a  special  metamorphosis, 

ftndfitinthdr  muscular  tia,«ue  can  pass  into  adtpocire  ;  whether  from  fibrin 
or  starch,  by  the  action  of  nitric  acid^  fats  may  1>e  made,  or 
whether  these  snbstanees  pre-existed  in  the  material  from  which  they  ap- 
pear to  arise,  and  arc  only  disengaged  or  aetfrec — there  can  he  no  «|ue3tio)i 
as  regards  one  great  group  of  animals,  the  carnivora,  that  they  find  in  tlieir 
food  a  sufficiency  of  these  hydrocarbons  to  meet  all  their  wants.  It  is 
as  respects  the  other  group,  the  hcrbivora,  that  this  question  of  llie  arti- 
ficial formation  of  fats  from  substances  in  which  they  did  not  prcnexist, 
_    ^   .    „     and  particularlv  from  albunienoid  bodiefi,  becomes  iiiteresl- 

Dd  ibe  herbiv*  -t  ,      ,       ,  ■  -     i   -       i     ■      ■      t     n    i      ^ 

ora  ever  mnkc  ing.      Do  the  licrbivora  tmd  m  llieir  iood  all  llie  fat  they  rc- 

''^  quire,  or  are  they  obliged  to  fabricale  a  part? 

The  question  whether  there  exists  in  the  animal  mechaniam  a  capabiU 

Fonaation  of  ity  of  forming  fat  from  material  in  which  it  did  not  pre-exist 

fiitbybccB,     mav  bc  Considered  as  Hnally  settled  in  the  alfirmative,  after 

much  diecimsion,  by  the  repetition  of  Cfundelach's  e^iJeriment  by  DumaFi 

and  Milne  Edwards.     This  experiment  consisted  in  the  feeding  of  bees 

with  honey  nearly  free  from  wax^  and  determtning  the  quantity  of  fat  in 

their  bodies  at  the  beginning  and  end  of  the  cxjjeriment,  and  also  the 

q.uantity  of  wax  in.  the  comb  that  they  made.     The  following  table  gives 

the  restdt : 

Fnt  fuuud  in  ilio  body  of  each  W:ct  at  the  begifming: 0.001  S 

Was  each  Ijee  ctmsnmeti  with  the  honey,  nut  exceeding n.O0O3 

"WIiejIc  amounl  of  fftl  darivetl  from  fcMjd 0.0022 

Wax  secreced  by  each  bcc ,.. ,. 0.(«)64 

Pat  antl  wax  in  tbe  body  af  such  Ikb  ut  anA  of  experiment 0.0042 

From  which  it  appears  that  a  veiy  large  quantity  of  fat  and  wax  had 
been  produced. 

Admitting  thus  that  the  animal  system  posseaaes  the  power  of  form- 
_.  infj  fat,  it  is  probable  that,  under  all  eireumstances,  it  carries 

The  RfalKta  .     .  ■  .  i- 

eoniinuaiij'  forward  that  function,  though  it  may  be  at  different  rates  on 
generatca  Tat.  ^j^e^eut  occaslona.     Such  a  production  of  fat  probably  com- 
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mences  in  the  intestinal  tnte,  the  material  from  which  it  originates  being 
both  nitrogenized  and  non-nitrogenized.  Thua^  when  ducks  have  been 
fed  on  albumen  containing^  hut  little  fat,  tlie  digested  material  in  the  in- 
testine yields  a  laiger  proportion  of  fat  than  when  they  have  been  fed  on 
clay,  or  even  on  starch.  If  the  glands  of  the  intestine  eecreted  fat  from 
the  blood,  it  would  lie  detected  after  feeding  the  birds  with  clay,  and 
hence  we  may  conclude  that  the  source  of  the  increase  observed  is  &on) 
the  albumen. 

But^  in  addition  to  the  part  they  thu3  make,  a  large  portion  of  the  fat 
of  animals  in  undoubtedly  obtaiiicd  from  t]ie  food.  This  13  obviously  the 
case  with  carnivora,  and  the  same  may,  indeed,  be  said  of  the  herbivora. 
Very  many  of  the  oleaginoua  bodies  have  a  close  chemical  relationship 
to  one  another,  so  that  they  may  be  regarded  as  affording  a  series,  the 
terms  or  memljcra  of  which  arise  from  successive  partial  oxidations; 
and  since  the  fatg  are  soluble  in  one  another^  they  freely  mis  together, 
and  thf?refore  many  of  them  may  be  found  co-existing  in  the  adipose  tia- 
poesj  some  of  them  less  and  some  of  them  more  advanced  in  their  prog- 
ress of  oxidation.  Whether  they  have  been  derived  from  pianca  ftimiBh 
the  food  or  by  indirect  processes  made  in  the  system,  it  is  ^aiorihumaic- 

.      ,       I     .  ,     .  -  rials  from 

equally  true  in  iwth  instances  that  their  primary  source  was  whkti  it  is 
in  the  vegetable  kingdom.  In  tlie  former  case  they  occur-  ^'^'^'^■ 
red  in  the  plant- structure  as  hydrocarbons,  in  the  latter  as  amylaceous 
or  nitrogenized  bodies.  Under  the  influence  of  the  sunlight  the  vegeta- 
ble tissues  obtain  tliem  by  decomposing  carbonic  acid  and  water,  and  to 
tho^e  two  fiubstancea  they  return  after  they  have  undergone  destruction 
in  the  animal  organs,  thus  presenting  a  significant  instance  of  file  alter- 
nate passage  of  atonic  from  the  uiorganic  to  the  organic  state,  and  back 
again. 

The  primary  source  of  all  fat  substances  is  therefore  in  plants,  which 
obtain  them  from  the  decomposition  of  the  inorganic  conatitucnta  of  the 
air.  The  excess  of  hydrogen  which  characterizes  this  group  of  bodies  in 
most  instances  is  undoubtedly  derived  from  the  decomposition  of  water, 
and  this  explains  the  fact,  frequently  noticed,  that  tlie  development  of 
such  hydrocarbons  in  plants  is  often  accompanied  by  the  simultaneous 
appearance  of  acida,  for  the  hydrogen  being  appropriated  by  the  former 
class,  the  residual  oxygen  gives  origin  to  acids  or  is  set  free. 

The  quantity  of  fatty  matter  formed  in  the  ordinary  articles  of  food 
used  by  domestic  animals  seems  to  be  amply  sufficient  to  Qudntityoffut 
meet  all  their  wantF:.     If  a  calculation  be  made  of  the  amount  '"  ^'l"*"^  ""f- 

cl'^nt  for  bqJ- 

of  such  materials  consumed  by  cattle  during  the  process  of  mals. 
tattenlng,  it  will  be  ascertained  that  the  quantity  used  not  only  contains 
sufBcient  to  account  for  the  increase  of  weight,  but  also  furnishes  an  am- 
ple supply  for  the  portion  which  is  destroyed  by  respiration.     The  fats 
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thus  contained  in  plants  are  often  absorbed  witb  but  little  iteration. 
The  fiitteuing  of  cattle  with  linseed -cake  gives  rise  to  an  accumnlation 
in  their  adipose  tia&nea  of  ati  oi[y  material  of  uniisual  dnidity,  and  it  ia 
A  matter  of  common  observation,  aa  previoualy  mentioned,  that  when 
atrong-smelling  oiliS  have  been  accidentally  used,  tlieir  flavor  will  be  im- 
parted to  the  scca^tion  of  the  mammaTy  giand. 

The  quantity  of  fat  in  articles  of  food  is  commonly  estimated  by  the 
solvent  attion  of  sulphuric  ether.  It  slioiild,  however,  be  understood 
that  we  can  not  with  correctness  regard  all  the  matters  extracted  by  that 
menstruum  trom  plants  as  fat. 

Thus,  cither  by  forming  or  by  collecting  from  the  food,  a  supply  of  fat 
The  accumuiB-  Is  obtained,  and  this  is  absorbed  by  thelaeteai  system  in  the 
q^Mnhro^'*^  manner  already  deaeribed.  But  where  fat  ia  adiniiiisteFcd 
ffBuized  liBBQc.  in  escess,  HO  that  large  quantities  of  it  arc  retained  in  the 
system,  a  proportionate  cell  formation  arises  for  the  purpose  of  affording 
it  a  receptacle.  The  walla  of  sucli  cells  are  composed  of  nitrogenizcd 
material,  and  herein  ig  displayed  the  connection  between  the  two  groups 
of  bodies,  the  albumenoid  substance  and  the  fats.  There  is  reason  to 
suppose  that  when*  from  the  food,  a  suificient  quantity  of  nitriKPnized 
materifd  for  this  purpose  can  not  be  obtained,  resort  is  actually  had  to 
the  muscular  tihrc  of  the  system  itself,  but  when  this  also  fails  the  fat 
accumulate-s  in  the  blood. 

In  the  artificial  fattening  of  animals,  the  indications  to  be  complied 
OenBTol  conii-  With  are  very  obvious  :  They  are,  Ist.  To  furnish  an  abund- 
SnUyofL  ^"*  suj>i}]y  of  oleaginous  material  in  the  food;  2d.  To  pre^ 
imal?.  Tent,  as  far  as  possible,  waste  by  oxidation. 

The  first  indication  is  satisfied  by  the  pu,rpo9ed  emplo^nnent  of  oleag- 
mouB  articles,  as,  for  instance,  linseed-cake,  or  by  the  selection,  among 
ordinary  food  subatances,  oi'thoBC  which,  like  Indian  com,  abound  in  oil. 
It  is  to  Ijc  remarked  that  the  increase  of  weight  of  an  annnal  may  take 
place  in  two  ways :  Ist.  By  adding  fat  to  the  deposit  in  the  adipose  tis- 
sues ;  or,  2d.  By  development  of  the  muscles.  It  might  perhaps  be  ad- 
missible to  speak  of  the  former  as  adipose  fattening,  the  latter  as  albu- 
menized.  Aceor<^iig  as  it  has  been  subjected  to  one  or  other  of  these 
processes,  an  animal  will  he  very  differently  prepared  for  undergoing  se- 
vere exercise,  A  horse  fed  with  Indian  com  can  not,  under  those  cir- 
cumstances, maintain  himseK  as  well  as  if  he  had  been  fed  on  oats.  In 
the  former  case  his  adipose  tissues  have  been  developed,  in  the  latter  his 
mmcxilg,T. 

The  second  indication  is  met  by  resorting  to  eveiy  expedient  which 
can  restrain  the  action  of  the  respired  oxygen.  A  state  of  perfect  quies- 
cence is  therefore  to  be  observed.  Muscular  movement  of  ever)-  kind  in- 
creases the  activity  of  respiration.     On  the  contrary,  rest  diniiniahes  it. 
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If,  in  addition  to  this  state  of  quiet  or  rest,  sleep  likewi&e  be  indulged  in, 
the  object  is  atill  more  periectlj  attained ;  and  if  a  high  temperature  be 
resorted  to^  since  this  checks  the  oxidation  needlul  for  maintabing  the 
system  at  ita  due  temperature,  thia  alao  diminiahcs  the  waste  of  the  fat. 

Under  such  circumstances,  where  every  thing  ia  done  to  give  a  supply 
of  fat,  and  every  thing  to  prevent  ita  consumption,  it  may  be  caused  to 
accumulate  in  the  tissues  to  an  extraordinary  amount.  But  Thgii^ej-^fl-ep, 
this  veiy  soon  interferes  with  tlie  aclion  of  the  hver,  one  of  cd  in  Umt  &?»• 
the  functions  of  which  we  have  eeen  is  the  preparation  of  fat-  *  *"' 
And  it  may  also  be  remnrked  that  many  of  the  diseases  of  that  organ, 
especially  tliose  occurring  in  hot  climates,  meet  their  explanation  on  the 
principles  we  are  here  inculcating^  the  state  of  rest  produced  by  lassitude,, 
the  warm  and  therefore  expanded  air  that  is  breathed,  and  the  improper 
resort  to  oleaginous  articles  of  food. 

In  view  of  the  preceding  facts^  it  may  therefore  bo  concluded  that  the 
interior  source  from  which  the  adipose  tissues  are  supplied  c  ir 

i-f,  -111!  Sumniary  of 

ia  the  fat  contained  in  the  plasma  oi  the  blood,  into  which  it  tbe«>MpceB, 
has  been  poured  through  the  thoracic  duct,  or  otherwise  oh^  poth°nLiri!*a- 
tained  from  the  digestion  of  food  in  the  email  intestine ;  and  "er  of  nmioTid 
since  the  blood-cclla  contain  a  higher  percentage  of  oily  ma- 
terial than  the  plasma  {2r2  per  Knt,  may  be  extracted  from  them  by  ethw, 
either  as  a  phosphorized  tiit  or  glycero-pliosphoric  add),  they  constitute 
reservoirs  of  supply  to  meet  the  exigencies  of  the  system,  there  being  a 
necessary  relation  between  the  quantity  they  can  thus  retain,  in  store 
and  tlie  quantity  contemporaneously  existing  in  the  plasma,  a  diminution 
of  which  at  once  establishes  a  drain  upon  the  cells.  Thus  charged  with 
these  hydrocarbona,  the  plasma  passes  wherever  there  are  adipose  cell- 
germg,  iumishing  to  them  the  special  nutriment  they  require  for  their 
development  into  fat-cella,  the  wall  and  nucleus  of  which  are  derived  firom 
the  blood,  or,  aa  we  have  mentioned,  in  certain  cases  actually  from  the 
muscular  tissues.  The  amount  of  fat  which  can  thus  be  held  in  reserve 
depends  in  part  on  the  number  of  germs,  in  [virt  on  tJic  supply  of  fat 
from  the  digestive  organs,  aiid  in  part  on  the  supply  of  appropriate  ma- 
terial for  the  walls  and  nucleic 

When  the  fat  thus  stored  up  is  wanted,  tho  cell  wall  in  many  cases 
deliquesces  or  wastes  away,  surrendering  its  contents  back  to  the  plasma, 
but  probably  much  more  trequently  a  transudation  of  the  hydrocarbon 
takes  place  through  it,  analogous  to  what  has  been  described  as  occur- 
ring in  the  blood-cells  themselves.  This  demand  upon  the  adipose  tis- 
sues may  originate  for  many  reasons,  since  there  may  be  a  necessity  for 
fat  in  the  accomplishment  of  the  various  histogenetic  operations  going 
forward,  or  for  those  of  retrograde  metamorphosis,  or  for  the  maintenanei- 
of  a  normal  state  of  the  blood  as  respects  its  oleaginous  ingredient,  or  for 
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the  production  of  heat  fey  immediate  and  final  oxidation  into  carbonic 
iicid  and  water. 

It  IB  not  to  be  supposed,  however,  that  this  final  oxidation  into  car- 
Fats  nnderpo  bonic  atid  and  water  always  takes  place  at  once  or  abrnpt- 
[lartiiii  osida-  j^^  Eveiy  thing  shows  that  fats  piias  tlxrough  successive 
system.  gradfttions  of  retrograde  metamorphosis,  perhaps  gradually 

losing  by  oxidation  two  atoms  of  carbon  and  hydrogen ;  and,  indeed, 
there  is  reason  to  believe  that,  on  special  occasions,  the  opposite  changes 
happen.  Tlma  stearic  acid  may  arise  from  margatic  acid  by  deoxidation. 
It  does  not  occur  to  any  considerable  extent  in  ii'egctable  food,  baving 
thus  iar  been  only  found  in  cacao  butter. 

In  a  summary  of  the  uses  of  fatty  substances  may  be  mentioned  the 
Summorv  vT  production  of  a  high  tem]ierature  by  oxidation  ;  their  agency 
the  uses  of  fat.  \J^  nictamOrphosifl.  as  displayed  by  the  assistance  ihcy  lend 
in  gastric  digestion ;  the  function  they  seem  to  discharge  in  cell  life, 
which  would  appear  to  be  important  5f  it  l>c  true  that  the  nuclei  of  some 
cells  are  composed  of  fnt ;  their  relation  in  the  formation  of  bile,  and  their 
proliable  connection  with  the  production  of  hivmatin.  Among  their  phys- 
ical uses  may  be  mentioned  the  equable  maimer  in  which  they  propagate 
pressures  in  all  directions  when  they  are  in  the  liquid  state,  as  is  often 
the  case ;  the  manner  in  which  they  fill  up  vacuities,  and  commnuicate  a 
roundness  and  solidity  to  the  system;  their  low  conducting  power  as 
respects  heat,  which  enables  them  to  ecnnomizc  the  warmth  of  the  body  ; 
their  diminishing  of  friction  among  moving  pai-ta,  as  in  the  case  of  the 
muscles ;  and  that  they  discharge  some  highly  important  function  as 
reapects  the  nervous  system  is  proved  by  the  manner  in  which  they 
uniformly  occur  in  tubular  nervous  tissue  In  the  general  metamorph- 
oaea  of  the  system  they  seem  to  take  an  important  part.  This  may 
be  inferred  from  the  fact  of  their  presence  wherever  cells  or  fibres  are 
formings 

From  what  has  been  said  respecting  the  connection  of  the  fat3  with 
the  metamorphoses  of  the  system,  it  is  obviously  incorrect  to  regard  them 
as  constituting  a  purely  respiratory-  element. 

Condiiaions  similar  to  those  which  bavc  been  stated  respecting  the 
Natriiion  of  ^Pg^t^blc  souiM  of  the  fats  might  iilso  be  arrived  at  as  re- 
the  niCTOgcD-  gards  the  source  of  the  nitrogeuJKcd  constituents  of  the  ays- 
tz  tiMuefl.  ^^^^  These  bkewise  are  found  in  plants;  and  thus,  therefore, 
though  the  carnivorous  animal  may  be  said  to  be  nourished  by  the  cm- 
casa  on  which  it  feeds,  it  13  neverthcleas  strictly  true  that  its  nutrient 
material  is  all  from  the  vegetable  world. 

The  repair  of  muaclea,  of  nerves,  of  the  skin,  or  other  such  higldy  oiv 
^nized  parts,  is  dependent  on  the  agency  of  cells.  Since  these  are  un- 
diatioguishablc^  or  to  aU  appearance  perfectly  alikc^  it  becomes  a  matter 
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of  carions  inquiry  how  thcj  should  Xtc  able  to  occupy  exactly  the  places 
and  discliarge  with  precision  the  fiinctions  of  those  which  they  are  re- 
jjlacing?  or,  in  the  CEise  of  growth  and  development,  why  they  should 
comhinc  so  as  to  take  on  a  detcrmhiate,  and,  as  it  were,  predeatiuedforralf 
How  IB  it  that  such  a  variety  of  structures  spring  up  from  tlie  same  orig- 
inal cell  ?  How  is  it  tint  the  two  halves  of  the  body  have  sudi  a  sym* 
metrical  conformation  in  a  majority  of  instances,  tlie  one  being  the  exact 
counterpart  of  the  other,  peculiarities  which  are  often  continued  even 
after  the  supervening  of  morbid  conditions,  as  shown  in  such  cases  as 
are  known  by  the  term  of  syniinetrieal  diseases,  in  whieli  a  structural 
change  aflccting  one  side  of  tlie  body  affects  also  the  corresponding  part 
of  the  otiier  side  ?  It  appears  to  nic  that  these  and  other  aneli  instances 
of  ntitrition^  growth,  and  development  can  only  he  explained  by  adnnt- 
ting,  as  a  great  and  fundamental  principle  in  physiology,  that  tlie  primor- 
dial germ  being  in  all  instances  alike,  its  mode  of  development  will  de- 
pend on  the  physical  agents  and  conditions  to  which  it  is  cxpo&ed :  a 
principle  which,  though  it  may  aceni  of  little  moment  at  the  first  view, 
carries  with  it  consequences  of  the  utmost  importance  at  last. 

Second.  Of  the  structure  and  development  of  bone. 

The  skeleton  in  man  is  compose*!  of  240  bones,  which  are  usually  di- 
vided into  three  erouna,  the  lone,  flat,  and  irresular.     Their  ^ 
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uses  are  purely  mechanical,  such  as  to  give  support  to  the 

soft  parts  :  to  serve  aa  levers  on  wJiioh  tlie  muscles,  by  their  contractions, 

may  act. 

In  structure  bone  offers  an  imperfect  division  into  the  compact  and 
spongy.  The  compact  is,  however,  a  porous  mass  fuO  of  cells  structure  or 
and  passages.  Through  it  there  pass,  more  particularly  in  '^''"''■ 
the  longitudinkl  direction,  canals  for  containing  blood-vcsselt*  and  nerves : 
they  are  called  Jiaveraian  canals.  These,  which  arc  well  seen  in  a  thin 
tranaverse  section  of  bone  aa  irregular  circular  openings,  are  surrounded 
with  lamcUa',,  and  in  the  basis  substance  occur  hollow  spaces,  the  lacuna^ 
whicli,  presenting  a  dark  aspect,  wwc  formerly  mistaken  for  solid  corpus- 
cles ;  they  arc,  however,  cavities  troni  whicli  proceed  minute  chamiela  or 
canaliculi.  In  forju  the  lacuna?  are  irregularly  oval ;  the  canuliculi  of 
those  nearest  to  the  haversian  canal  communicate  directly  with  its  cav- 
ity, and  there  is  so  complete  an  inosculation  between  adjacent  lacuna^, 
by  means  of  these  delicate  tubes,  that  the  whole  so-called  compact  stmc- 
ture  of  the  bone  may  be  said  to  present  a  connected  system  of  lacumi' 
and  canaliculi, 

Tiie  diameter  of  these  delicate  channels  of  intercommunication  is  mucli 
too  small  to  permit  the  passage  of  blood-cells,  yet  through  them  the 
plasma  readily  tinde  its  way  and  thus  carries  forward  the  nutrition  oi 
the  entire  bone. 
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Jf'ig,  109  is  a  photograph  of  a  transverse  section  of  part  of  bninaii  fe- 
mur, showing  the  haversian  canala  surrounded  hj  their  concentric  Lamel- 
lae, lacunar,  and  canaliculi.  The  complete  pcrvioiuness  of  the  structure 
ia  demonstrated. 


Tninai-ene  nctlon  of  Tthwib,  mAgiilfled  M  ^inmntaf.  LAnuin  nod  eatuEIcuU  from  fnnUl  'bwx. 

Fig.  110,  lacunp?  and  canaliciili  of  human  frontal  bone. 
In  chemical  constitution,  hone  may  be  considered  to  be  composed  of 
Chemjefll  com-  ^^'^  P^'^i'^^^i'  organic  nnd  miiicral :   the  former  ia  gluten,  and 
posiiion  df        in  the  latter  phoapliate  of  lime  greatly  predominates,  aa  the 
^^'  following  analysis  by  Berzelius  shows  : 

Amtlgni'  of' Bone.     (Btrwfl«*.J 

Cartilage  (or  glulen).......... S2.1T 

Blood- vei$iMil!i ,...,,.. 1.13 

Phof'jihHCO  of  iimn;. t,].(H 

Cjirhpuiwe  of  Urio 11.30 

Fluoride  of  calfiuin 2.00 

rhijsi|ilintc;  uf  iiiiij;neHia,.,.. ,,,,,.,,,,.. ..,.,,,..,.. 1.18 

Boda,  chldritle  uf  aodium 1.S0 

100.00 

An  instructive  separation  of  bone  into  its  leading  constituents  maybe 
Se  nrBtinnoT  ft'^omplished  by  the  action  of  hydrochloric  acid  or  by  cal- 
ks oTnantc  and  ciiiation  respectively.  AVhen  a  bone  ia  soaked  in  dilute  hy- 
^  '  drochlorie  aeid  for  a  dua  Ipngth  of  time,  its  mineral  constitu- 
ent is  removed,  and  the  organic  gluten  is  left  in  tiie  ahajje  of  the  original 
bone ;  or,  if  the  bone  be  calcined  in  the  open  tire  with  free  access  of  air, 
the  organic  material  is  consumed  and  the  mineral  material  remains.  A 
more  critical  examination  showa  thnt  these  conatiments  are  not  merely 
associated  together— they  are,  in  reality,  chemicidly  combined. 

The  different  degrees  of  softness  and  hardness  which  bones  from  dif- 
ferent animals  present  depend  very  considerably  on  the  amount  of  wa- 
ter they  contain.     The  gluten  is  doubtless,  in  all  instances,  derived  from 
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the  metamorphosis  of  albnmenoid  bodiea,  a  conclusion  which 
18  well  illustrated  by  what  we  observe  in  the  case  of  the  in-  or«iiiii^  and 
cubating  e^.  In  the  adult  the  source  of  the  bone-CBrth  ia  '"^^^■'  "'■''"' 
twofold :  la  part  it  13  derived  from  the  food»  and  in  part  obtained  from 
the  remodeling  and  changes  of  the  bones  themadvea.  In  speaking  of 
the  composition  of  milk,  we  have  already  described  how,  through  the  ca- 
sein of  that  secretion,  a  supply  of  phosphate  of  lime  is  secured  for  in- 
fant life. 

At  its  tirat  formation,  bone  consists  of  a  gelatinous  material,  wliich  gmd- 
ually  becomes  condensed  and  cellular,  presenting  wlmt  13  termed  the  carti- 
laginous stale.  In  this  material  vascular  canala  arise,  which,  -5^,^  process  oc 
concentrating  toward  one  sjjot,  give  origin  to  the  point  or  osaiiicaiion. 
centre  of  osaitication.  Simultaneously^  the  structure  of  the  cartilage  be- 
comes modified,  its  nucleated  cells  are  elongated,  nucleoli  arising,  and 
smaller  cella  fomung.  These  reach  maturity,  and  are  separatal  from 
one  another  by  tlie  material  dc?rived  from  the  deliquescence  of  tlicir  pa- 
rent cella,  which  has  simultaneously  been  taking  place.  TJie  progress  of 
these  changes  may  be  studied  by  examining  the  calcifying  cartilage  near- 
er and  nearer  to  the  point  of  owsifi cation,  to  which,  as  we  approach,  we 
find  that  the  cella  become  more  and  more  numerous,  a  general  arrange- 
ment into  a  columnar  fonn  being  now  apparent. 

The  deposit  of  mineral  material  commences  at  the  point  of  ossification.. 
and  proceeds  between  the  columnar  arrangement  of  cella,  lateral  branch- 
ee  between  the  individual  cells  bemg  Bucceesively  given  off,  a  bony  net- 
work thu3  arising  which  is  [mtvious  in  every  part.  In  the  human  em- 
bryo the  cartilaginous  stage  is  completed  in  the  sixth  week,  and  ossili- 
CatioQ  commences  first  in  the  clavicle  during  the  seventh. 

/'/*/.  in,  perpendicular  section  of  the  osBifying 
border  of  the  shaft  of  the  femur  of  a  child  a  fortnight 
old:  a,  cartilage  in  which  the  cells,  the  nearer  they 
are  to  "the  ossitying  border*  are  in  nioro  extended 
longitudinal  rows;  S,  ossifying  border:  the  dark 
streaks  indicate  the  progressive  ossification  of  the 
intercellular  gubsfance,  the  dear  ones  the  cartilage 
cella,  which  ossify  subsequently ;  c,  compact  layer 
of  bone  near  the  ossilying  border;  d^  the  substantia 
spongiosa  formed  in  the  osseous  substance  by  ab- 
sorption, ■with  cancelli,  e,  e,  the  contents  of  which  are 
not  sliown.     (Kollikcr.) 

J^iff.  112,  photograph  of  osBifymg  cartilage,  the 
dark  portions  showing  the  region  of  complete  ossifi- 
cation.    The  columnar  airaDgement  of  the  cartilsige 
cells  is  very  apparent. 
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Fir-  lis. 


J^iff.  113,  femur  of  a  child  a  fortnight  old,  natu- 
ral size :  ff,  substantia  compacta  of  tlie  slmft ;  ir 
medulliiry  cavity;  f,  substantia  spongioaii  of  tlji 
shaft;  (/,  cartikginou.'i  epiphysis,  with  vascular  ca- 
nals :  iT,  osseous  nucleus  in  the  inferior  epiphysir. 
(KoUikcr,) 

Wiien  silver  rings  are  placed  iJ[W>n  the  shaft  ol 
(!n>irth  of  a  growing  bone  at  a  measured  dis- 
ln^rrings"Md  t^^^c*^'  subsequent  examination  shows 
madder.  that  that  distance  still  renmtns  the 

game,  thonj;h  tbe  bone  may  Itave  become  much  oarifjias  femur, 

longer.  I  f  such  a  ring  be  permitted  to  remain  a  sufficient  period  of  time, 
it  will  eventually  be  found  in  the  interior  of  the  Lone.  WTien  m.-idder 
is  mixed  with  the  food  of  pigs,  its  coloring  matter  so  unites  with  the 
phojipliatc  of  lime  of  their  bones  as  to  impart  to  them  a  red  lint.  If  the 
iininud  submitted  to  the  experiment  be  verj-  young,  tlie  whole  fikeleton 
may  be  tinged  in  a  single  day,  a  more  close  examination  showing,  how- 
ever, as  might  be  expected,  that  the  portion  most  completely  acted  upon 
is  that  nearest  to  t!ie  vascular  surface.  In  older  animal.^  the  coloring 
goes  on  more  slowly;  the  portion  which  shows  the  effect  moat  striking- 
ly is  between  the  shaft  and  extremities,  more  particularly  upon  the  Bur- 
fftcc.  If  the  madder  be  given  periodically  and  then  withhfild.  .dternate 
ilayera  of  a  red  and  white  appearance  are  produced. 

From  these  experiments,  it  may  be  inicrred  that  tbe  growth  of  a  hone 
(.'ondusionsi  is  uot  Uniform  in  all  parts.  Young  bones  grow  ciiiefly  toward 
such^exMri-  '^^^  extremities :,  nor  is  the  growth  cumulative,  the  parts  al- 
menii.  ready  deposited  being  ever  after  pre&erved ;  foFT  if  that  were 

the  ease,  it  would  not  be  possible  for  a  ring  placed  in  such  a  manner  as 
has  been  described  to  find  its  way  into  tbe  medullary  canaL     For  that  to 
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occur,  tbf-re  must  have  lieen  an  absorption  or  removal  of  the  pre-existing 
parts.  The  tinging  bj  madder  shows  that  growtii  la  taking  place  wher- 
ever ti]e  plaama  of  tlie  blood  can  have  access,  aiid  tliia  not  alone  upon 
tlie  pro|>er  vascular  aurtaces,  but  also  interstitially. 

It  thus  appears  tJiat  bone^  aolid  and  dense  as  it  is,  ia  the  seat  of  con- 
tinual changes,  which,  though  they  may  go  on  with  more  activity  in  the 
growing  state,  take  place  also  when  the  structure  has  readied  maturity 
or  apparent  perfection-  From  one  portion  a  part  IB  removed,  on  another 
additions  are  made,  the  method  by  whicli  tiiis  is  accomplished  being 
through  the  access  of  the  blood-plaama,  which  finds  ita  way  to  every 
part  by  reason  ol'  the  pen'ious  structure  of  the  mass. 

As  to  the  flouTcea  from  which  the  phosphate  of  linie  h  derived,  thougii 
doubtless  the  food  offers  it  in  considerable  quaiitttv,  there  aiG-  „ 
many  reasons  iur  nifcmiig  that  tlie  identical  portion  which  whit-liin*tpri»L 
has  been,  removed  trora  one  part  is  naed  for  the  extension  "  '^^"''^^' 
of  another;  and  thus  wc  may  say  that  there  ia  a  plastic  operation  con- 
tinually going  forward,  a  remodeling,  so  as  to  adapt  the  structuni  to  its 
new  condiliona  if  in  a  growing  aniiual,  or  to  maintain  it  in  good  repair 
if  in  an  adult. 

Turning  from  the  two  cases  with  which  we  have  been  thus  occupied, 
the  development  and  maintenance  of  the  adipose  and  osseous  tissues,  to 
the  plienomena  of  nutrition  generally,  we  may  conclude  that  there  are 
several  aourees  from  whicli  material  for  these  piir|>03C!?  may  be  derived: 
a  part  may  be  obtained  by  absor|)tion  directly  from  the  food  ;  a  part  may 
be  manufactured  or  fabricated  in  the  system  itself,  or  may  l»e  taken  from 
some  locality  therein  in  wiuch  it  has  become  redujidant  or  lisclcss,  and 
transfeiTcd  elsewhere  to  the  point  at  whicli  it  is  required. 

The  medium  through  which  these  additions  and  exchanges  for  the  pur- 
pose of  development  or  rpmodeling  are  aeconiplislied  is  of  course  the 
blood.  It  bears  with  it,  wherever  it  eircidates,  the  substances  that  an* 
demanded — fibrin  for  muecle;*,  bone-earth  for  the  skeleton,  fat  for  the  ad- 
ipose tissues. 

It  remains  for  US  to  inquire  into  the  kws  of  deposit  and  development 
involved  in  these  processes,  that  is  to  say,  why,  for  example,  p^^^  ^^^  ^^ 
is  phosphate  of  lime  laid  down  at  the  pointa  where  tlie  phos-  vcto[>ed  and 
phate  of  lime  has  been,  oi%  if  growth  be  taking  place,  why  S^'inJue^^ 
are  the  accretions  arranged  in  a  definite  way  both  as  rcppeeta  of  it^yncni 
size  and  shape  ?     Upon  this  inquiry  I  do  not  propose  at  pres- 
ent to  enter,  since  it  ia  closely  connected  witii  the  general  doctrine  of  de- 
velopment, which  will  have  to  be  considered  in  detail  in  the  next  book. 
We  shall  then  find  that  reasons  may  be  assigned  for  the  deposit  of  given 
substances  in  places  that  have  been  vacated  by  others  of  the  same  kind, 
as  in  the  nutrition  of  ninsclea.     We  shall  also  then  have  to  consider  the 
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laws  of  development  from  a  much  more  extensive  poiut  of  view,  intro- 
ducing the  doctrine  of  the  paiariiount  influence  of  physical  caufies  in  this 
respect,  and  perhaps  we  shall  Hnd  ouraelvea  brought  to  the  conclusion 
that  the  progressive  career  of  a  cell  is  absolutely  dependent  on  the  phys- 
ical conditions  to  which  it  ia  exposed,  aiid  tiiat  there  is  nothmg  extraor- 
dinary in  tlie  circurnatance  that  two  cella  placed  under  conditions  which 
arc  aUke  will  develop  alike ;  that,  t]iei"cforc,  a  part  which  is  being  repaired 
wiU  have  ita  additiouB  made  tn  tlic  same  places^  of  the  same  material,  to 
the  same  extent,  and  of  the  same  form  as  the  part  whicli  Las  been  r&^ 
moved. 


CILIPTEE  XIV, 

OF  THE  NEUVOITS  SYSTEM. 


Diviium*  of  ihf  Nervam  SfjitMU. —  Ctrtl/ro^iual  ami  Sympnlh^tic — Fibrous  and  Vesiniiar. 

Stm/'.iare  anj  f-'imrtinns  of  ^ei-i'e  f^Uirea. — tjmlri}\ftiil  unci  Cfiitrifu/jai, — fiiiU'  of  C<>i></u'~fit'tiifii. 

Aaaioraicat  Enimiutttion  a/  ihf  Sira'fttrc  ami  yuiiilifm.i  lO/'  Xtrrf  I  Vsi'i/cff. —  Thfiifiijfuxe.  lujUi-^ 
*j(«e»,  a.re  MuyiKMiea  of  Foree. — A'Av/rriif  nf  Tthk  iiitrotinrvft liy  Ili/ji^tfrrini/  tiiitit//ift. — Oriiiir- 
tion  nereuMjtff  lo  Nsnv  Ailmti/. — Nftssit^  <if'  Jitpalf  a&ti  fifist. — Kkctricai  Kxammalan  q/' 
ilie  functionit  of'  Vejtifles. — Anuioihii-n!  caiil  fClfrlriml  jt-^xairrimitians  ui/ree. 

Ataoimttir  Xfriv  Arc. —  CV/Aifft/ jVfn:^  An: — A/uitlp/e  Anx. — CiimmisKureJi. — Rt^lrring  Nerre 
Ara. — Se'ifonfcm. — fnHueHlmf  .-tn^. 

SuggfJitvnis  ilerirKcl j'l-oHt  cTtlinil  ^[r«(rJur^  rrK/tfcliatf  the  SoaK—fts  iurlrftendeiil  /"'jritttence  and 
luaaorhi/i'if. 

Itlefi^  of  I'miw  mid  S/irire.- — Ohjirllre^  fuhjri'tlre^  nmi  itiiji^Titnmtl  OjHi-filii)ii'',-^\'ei'iif/eji  of  Iin- 
pressUios  and  their  IitffTprcraliat. — Finite  Nniure  of  Kmyicdd^f. — Mcntui  Kuioiwfui. 

The  parts  and  ftinctions  which  have  been  thus  far  described  stand  \u 
,        ,         .  Bubordination  fo  tlic  inuiortant  svsteni  on  the  study  ofwliich 

[mportJuii'G  of  I  J 

tte  narvoua  wc  now  enter.  It  may  be  truly  aaid  that  the  po.'^ition  of  any 
"'^  ^™'  animal  in  the  scale  of  life  is  directly  dependent  on  the  de- 

gree of  development  of  its  nervous  system.  TJirougli  this  it  is  brought 
in  relation  with  the  external  world,  deriving  eensattons  or  impressions 
thereirorn ;  through  this,  also,  all  voluntary  muscular  contraction  takes 
place-  Whatever  the  grade  of  intelligence  may  be,  the  de^e  of  devel- 
opment or  expansion  of  the  nervous  aystem  is  in  close,  correspondence 
thereto,  from  the.  lowest  conditions  in  wliich  it  is*  hrst  making  its  appeai- 
ance  in  tribes  whtch  are  scarcely  distinguishable  from  vegetable  forms, 
ap  to  its  highest  elaboration  in  the  eercbro-siiinal  Bysteni  of  man. 

The  physiologist  has  to  confess  that  in  this,  which  Is,  without  doubt, 
Imperfect  cob-  ^'^*^  "^^^*  important  part  of  his  science,  the  amount  of  what  is 
dition  of  th«  known  with  exactness  is  lijnited :  indeed,  so  great  an  obscu- 
«ii^t.  j^j^  XQSX^  upon  the  functions  of  the  ner\'oua  system  that  hi: 

haa  to  content  himself  rather  with  the  description  of  structure  than  offer 
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thB  explanation  of  action.  Yet  even  now  a  few  leading  facta  have  been 
determined,  which  foreshadow  the  attitude  in  which  the  whole  subject 
vrill  stand  wlien  it  comes  to  be  better  understood.  Among  these  may 
be  numbered  the  localization  of  special  fiinctions  in  apecial  parts  of  the 
nervous  centres,  as  wag  observed  by  Gall ;  the  double  office  of  tlie  spinal 
nerves,  first  recognized  by  Bell,  that  their  anterior  roots  are  motor  and 
posterior  sensory ;  the  conversion  of  impressions  made  at  the  periphery 
into  motions,  reflex  action,  as  it  has  been  termed,  first  clearly  recognized 
by  Hall ;  the  relation  of  the  ganglia  nt  the  base  of  the  brain  to  the  cere- 
brum and  the  spinal  cord,  as  shown  by  Carpenter;  and  particularly  the 
general  condition  on  which  the  activity  of  the  entire  syatem  depends, 
that  it  undergoes  oxidation  or  waste,  and,  among  other  products,  gives 
origin  to  salts  of  phosphoric  acid. 

For  the  sake  of  convenience  of  description,  the  nervous  eystem  is  usu-* 
ally  regarded  aa  consisting  of  two  portions,  the  cerebro-spi-  i>ivision  oftb& 
nal  and  sympathetic.     The  former  is  composed  of  the  spi-  nErvoimsj-stem 
nal  cord,  the  brain,  the  nerves  proceeding  from  them,  and  gpjTiui  and 
their  ganglia ;  the  sympathetic  is  composed  of  a  series  of  »>'mi'*tJietic. 
ganglia,  united  by  in[e_Tcommimicatin|T  tlireada  on  each  side  of  the  ver- 
tebral column,  and  supplying  branches  to  the  coatg  of  the  blood-vessels 
and  viscera  of  the  great  cavities.      Both  portions  contain  two  kinds  of 
structure,  a  fibrous  and  a  vesicular.     The  latter  la  found  in  „,. 
variotiB  situations;  the  former  serves  to  connect  those  mass-  resicuiiwfltruc- 
cs  with  one  another,  or  to  furnish  means  of  communication  "*"" 
from  point  to  point ;  the  office  of  the  gB,nglia,  or  nervous  centres,  ia  for 
the  reception  of  imprcssiona  and  the  origination  of  motions.      In  the 
brain  the  impressions  of  external  eircumstances  are,  as  it  were,  registered, 
and  from  it  originate  tiie  processes  of  intellection* 

The  study  of  tiiifl  portion  of  the  mechanism  of  man  brings  us  therefore 
in  contact  with  metaphvsicnl  science,  and  some  of  ita  funda-  -        ,.      - 

-J  XT       1         n      1  -1  Coniwelion  of 

mental  dogmas  we  have  to  consider*  Jvcarly  all  philoso-  uiPiapSiyMcal 
phers  who  have  cultivated,  in  recent  times,  that  branch  of  ^  '^^^  ^' 
knowledge,  have  viewed  wJtli  apprehension  the  rapid  advances  of  physi^ 
ology,  foreseeing  that  it  would  attempt  the  final  solution  of  problems 
which  have  exercised  the  ingenuity  of  the  last  twenty  centuries.  In 
this  they  are  not  mistaken.  Certainly  it  is  desirable  that  some  new 
method  should  be  introduced,  which  may  give  point  and  precision  to 
whatever  metaphysical  truths  exiat,  and  enable  iia  to  distinguish,  sepa- 
rate, and  dismiss  what  are  only  vain  and  empty  six^culations. 

So  far  from  philosophy  being  a  forbidden  domain  to  the  physioln^gt, 
it  may  be  asserted  that  the  time  has  now  come  when  no  one  is  entitled 
to  express  an  opinion  in  philosophy,  except  he  has  first  studied  physiol- 
ogy.    It  has  hitherto  been  to  the  detriment  of  truth  that  these  processes 
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of  positive  Investiggtion  haTebMti  repudiated-  Iffiflin  the  conatruction 
of  the  hanian  brain  we  may  dcmonatrale  the  exiaience  of  a  soul,  ia  not 
that  a  gain?  for  there  are  many  who  aro  open  to  argumenta  of  this 
classr  on  whom  speculative  reasoning  or  a  mere  dictum  fall  without  any 
weight.  Why  should  we  cast  aside  tiic  solid  facts  presented  to  us  by 
material  objects?  In  liia  corannmi cations  throughout  the  universe  with 
U8,  God  CTer  materializes.  lie  equally  speaks  to  us  tlirougli  the  tliou- 
sonda  of  graceful  organic  forms  which  are  scattered  in  profusion  over  the 
surface  of  the  earth,  iuid  through  the  motions  and  appearances  preseiited 
by  tiie  celestial  orbs.  Our  noblest  and  clearest  conceptions  of  hid  attri- 
butetit  have  been  obtained  from  these  material  tilings.  I  am  persuaded 
that  the  oidy  possible  route  to  truth  in  mental  philosophy  is  tlirougli  a 
study  of  the  nervous  mechanism.  The  experience  of  2500  yeiirs,  and 
the  writings  of  the  great  nietaphysieal  intellects,  attest  with  a  melancholy 
emphasis  the  vanity  of  aU  other  means. 

Whatever  may  be  said  by  speculative  philosophcra  to  the  contrary, 
the  advaneement  of  metaphyjatcs  ia  through  the  study  of  plxysiology. 
What  sort  of  a  science  would  optica  have  been  among  men  who  liad  pur- 
posely put  out  their  own  eyes  ?  What  would  have  been  the  progreaa  of 
astronomy  among  those  who  disdained  to  look  at  the  heavens  7  Yet  that 
is  the  preposterous  course  which  has  been  follpwed  by  the  so-called  plii- 
loaophers.  They  have  given  us  imposing  doctrines  of  the  nature  and 
attributes  of  the  mind,  in  absolute  ignorance  of  its  material  substratum. 
Of  the  great  authors  who  have  thus  succeeded  one  another  in  ephemeral 
celebrity,  how^  many  made  tliemaelvcs  acquainted  with  the  structure  of 
the  human  brain  ?  Doubtless  some  had  been  bo  unfortunate  as  never  to 
SKJ  one  I  yet  that  wonderful  organ  was  the  basis  of  all  their  speculations. 
In  voluntarily  isolating  themselves  from  every  solid  fact  wiiich  might 
serve  to  be  a  landmark  to  them,  they  may  be  truly  said  to  have  sailed 
uixtn  a  shoreless  nca  from  whieh  the  fog  never  lifts.  The  only  fact  which 
they  teach  us  with  certainty  ia  that  they  know  nothing  ■with  certainty. 
It  is  tlic  inherent  difficulty  of  their  nietliod  that  it  must  lead  to  unsub- 
stantial results.  What  is  not  founded  on  a  material  substratum  is  neo- 
eaaarily  a  castle  in  the  air. 

Returning  now  to  the  general  description  of  the  nervous  meohaniam, 
and  following  the  division  above  indicated,  we  shall  consider,  first,  the 
fibrous  clement  of  the  nervous  system,  and,  second,  the  veaicular. 

First.  Of  the  fibrous  there  are  two  varieties,  one  belonging  to  the 
Fihtoai  or  In-  cetebro-spina!,  and  the  other  to  the  sympathetic.  The  for- 
trniiir  pgrtioa,  j^gj  ^^y  ]jg  describcd  as  a  delicate  membranous  tube  contain- 
ing a  semi-fluid  material,  and  presenting  under  the  microacojje  a  pellucid 
glassy  appearance  wlien  examined  in  the  recent  slate ;  a  spontaneouB 
separation  or  partition,  however,  soon  ensues,  a  white  material  or  medul- 
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la  appearing  immediately  within  the  merabranona  tnbe,  and  afiording  a 
contrast  to  the  portions  which  are  toward  the  centre  or  Bjda.  In  thie 
state  the  neire-tnbe  prcficnta  the  appearance  of  parallel  lines  toward  its 
periphery*  the  ontor  one  oorrcBpondhig  to  the  membranous  Brembrmip, 
sheath*  and  the  inner  to  the  internal  limit  of  the  coaeiUated  ^^""it^  •"''«'*»» 
material.  In  this  condition  the  tube  ia  very  prone  to  as-  flxis  cj-liBder. 
aume  a  beaded  appearance,  either  by  the  influence  of  pressure,  or  even 
spontaneouflly.  Names  have  been  given  to  diatingmBh  these  parts  from 
eaeh  other;  the  central  grayish  portion  19  called  the  axJa  cylinder  or  axis 
band,  since  it  may  be  of  a  tlattened  shape ;  and  tht;  material  whfdi  Bur- 
Tounds  it,  inten^enjng  te-twcen  it  and  the  membranous  investment,  is  dee- 
ignated  the  medulla  or  white  substance  of  Schwann.  There  can  be  no 
doubt  that  the  membranous  tuLc,  the  white  substance,  and  the  axis  cyl- 
inder discharge  different  physiologicid  functions.  In  chemical  composi- 
tion they  also  ditlcr :  the  tube  ia  a  iiitrogcnized  atructure,  the  white  sub- 
stance oleaginous,  and  the  axis  cylinder  ia  supposed  to  be  nitrogcnized 
also.  In  the  first  dcvelopmeiit,  the  axis  cylinder  is  first  formed,  and  the 
white  Hiibstance  then  cast  round  it. 

If  a  portion  of  a  nerve,  ii,  ^/g'.  1 1 4,  be  placed 
in  concentrated  acetic  acid,  the  axis  cylinder  of 
its  included  tubes  will,  in  the  course  of  a  day 
A^  eyUndM  of  a^^  ^^  ^^^.^^  ^^  ^^^^^  pTotmding  in  a  brush-like  form, 

as  at  b,  the  effect  being  very  well  shown  when  the  nerve  ia  suiEciently 
slender  to  be  subsequently  examined  by  the  microscope. 

The  nerve  fibres  run  in  a  direct  course  to  their  point  of  distribution. 
Of  tlieir  manner  of  termination  we  shall  apeak  subsequently ;  Teriniaai 
here,  however,  it  may  be  remarked,  that  occasionally  they  ex-  brancMnRB  or 
hibit  preparatory  terminal  branchings,  as  shown  in  J^iff.  115,  ^^^^  "* 
p.  262,  observed  by  KoUiker  in  the  case  of  the  frog :  a,  a  being  bifiu-ca- 
tiona,  h  a  trifurcation  of  a  small  twig  from  the  cutaneoua  thoracic  muscle. 
Simiiar  subdivisions  of  the  ultimate  ramifications  have  been  noticed  in  the 
amphioxus,  fishes,  insects,  and  it  is  certain  that  they  also  occur  in  man. 

The  sheath  of  the  nerve  fibres  ia  an  clastic  membrane,  which  is  nei- 
ther acted  on  by  dilute  alkaiies  nor  by  boiling,  but  ia  solu-  cfiemkdreao- 
ble  in  concentrated  acetic  acid  and  strong  soluttona  of  pot-  p'^ornBrve 
ash  and  soda.  By  nitric  acid  it  is  stained  yellow,  and,  though  librea. 
not  identical  with  elastic  tisane,  has  a  certain  resemblance  thereto,  ap- 
proaching, however,  more  nearly  to  a  protein  substance.  The  axis  cyl- 
inder ia,  as  is  shown  by  its  l>elmvior  with  reagents,  a  protein  aubstanca, 
differing,  however,  from  syntonin  and  also  from  blood  fibrin.  From  the 
latter  substance  it  ia  distinguished  both  by  the  difficulty  witli  which  it 
dissolves  in  acetic  acid  and  in  a  solution  of  nitre,  from  the  former  by  its 
insolubility  in  hydrochloric  acid. 
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iiulidJriaioii  nr  aerre  Bbm  Id  the  Trag,  minified.  S90  dlaroetora. 

Of  such  fibres,  arranged  parallel  to  each  other  in  bundlea,  tlic  bundles 
united  by  fihro-cellalar  tissue,  nerves  are  composed,  the  tissue  not  onlj 
accomplishing  that  mechanical  object,  but  also  affording  a  nidus  for  blood- 
veeaela,  which  run  in  a  course  parallel  to  the  nerve  fibres.  Though  we 
Form  and  aiBo  ^^^'^  spokcii  of  thosc  libres  as  cjlinders,  tliey,  in  reality,  ap- 
nf  aerve  Eibrei.  ppoach  Hiorc  nearly  to  tiie  figure  of  acute  cones,  since,  though 
their  diameter  is  from  the  gr^^j  to  the  ^-jj^^  of  an  inch  in  the  nerve 
trunks,  thcj  diminish  to  the  ^  ^^-^  ^ ^  or  the  ^  ^1^)^  of  an  inch  as  they  reach 
the  nerve  centrea,  and,  in  the  same  manner,  their  diameter  becomes  less 
as  they  branch  off  in  their  peripheral  distribution.  In  tlie  brain,  as  they 
jmss  through  the  medulla  to  the  cortical  part,  they  exhibit  a  similar  dim- 
inution. 

The  sympathetic  fibres  tlifler  from  the  preceding  in  appeajance.  Being 
Ch  et  f  of  a  yellowiah-gray  color,  and  only  about  half  aa  large,  they 
ijrmpathotic  do  not  ahow  the  separation  into  an  axis  cylinder  and  white 
investment  after  death,  as  is  the  case  with  cerebro-spinal 
fibres ;  they  may  therefore  he  regarded  as  being  more  homogeneous  in 
their  construction,  or  possessing  a  constitution  like  tliat  ofthe  other  kind 
of  fibres  when  they  undergo  diiainution  and  approach  their  central  or 
peripheral  termination,  fjven  in  the  cerebro-spinal  fibres  the  quantity 
of  white  substance  present  is  very  variable  ;  the  retina,  the  olfactory  or- 
gan, and  the  Pacinian  corpuscles  fiirnish  instances  of  ita  absence.  The 
sympathetic,  gray,  or  gelatinous  fibres,  as  they  are  indifferently  called, 
contain  many  nucleated  corpuacles,  which  may  be  rendered  very  distinct 
by  the  action  of  acetic  acid. 
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Nen-e  fitrcs  terminate  in  various  waya.     Their  ends  may  thin  out  and 
becotnc  free,  or  they  may  form  a  loop,  and  ao  relurn  back  in  ^^  , 

their  course.     Each  nerve  runs  in  an  unbroken  line  from  its  terminBiion  of 
origin  to  its  termination,  but  bct^veen  tiie  adjacent  ones  in-  "''"'''''"^■ 
tercoinmunication  ib  establiBhed  by  the  formation  of  plexuses.     On  the 
other  hand,  as  the  fibres  are  preparing  to  enter  the  nervous  centres,  the 
membranous  tube  dilates  bo  aa  to  receive  a  nerve  vesiclf,   », 
with  which  the  diaphanoua  axis  cylinder  is  thus  brought  in  i*piitnjorv«i- 
contact.      Where  coqiusclea  are  received  into  tlie  membrgn-  "^  '^' 
0U3  shealh,  it  is  not  always  certain  but  that  tlic  fibre  has  bohib  other 
termination  beyond.     Some  Iiave  supposed  t]iat  Hensitive  fibres  differ 
from  the  motor  ones  in  the  circuni stance  that  the  former  alone  axe 
brought  in  connection  \vi;h  llic  eorpuMcles,  but  thia  is  very  unlikely. 

Second.  The  vesicular  ncrvoua  substance  ia  composed  of  nucleated 
oeils  containing  a  granular  substance,  witli  which  there  are  The  vMiculir 
intermixed^  e-^pcially  near  the  nuclei,  pigment  granulei*.  ponion 
These  granules,  however,  are  isometimes  absent,  03  in  the  vertebrata. 
The  nucleus  of  each  ganglionic  veHicle  often  prcaenta  a  nucleolus ;  the 
diameter  of  the  vesicle  varies  from  j^  to  )^^^^  of  an  inch.  These  ves- 
icles arc  found  in  the  iicr^e  centres,  their  coloring  material  communicat- 
ing to  those  parts  the  peculiar  tint  tlicy  di.^play.  In  Bliapc  they  vary 
very  ranch,  some  being  spherical,  some  ovoid,  and  others  caudate,  ex- 
hibiting procesaca  which  arc  filled  with  granules,  or  which,  becoming 
eventually  transparent,  communicate  wilh  similar  processes  from  other 
cells,  or  are  continuous  with  tlie  axis  cylinders  of  the  nerve-tubes-  Ac- 
cording to  Axmann,  the  a.xis  cylinder  is  a  continuation  of  the  nucleas 
of  the  cell.  TJic  ganglion  vesicles,  as  they  are  termed,  arc  character- 
p^.   J, J  ijsed  by  containing  a  large  amount  of  phosphor- 

izcd  oil,  and  it  ig.  probable  that  the  oxidation  of 
thii^  material  is  a  condition  of  tbcir  functional  ac- 
tivity. 

/V^.  116,  ganglion  globules  (nerve-cells^  from 
the  Ga&serian  ganglion  of  the  cat.  1.  Cell,  with 
short  pale  process,  showing  the  origin  of  a  fibre; 
'T,  plieath  of  the  cell  and  nerve-tube,  containing  nu- 
clei ;  A,  cell  membrane  of  the  nerve-cell.  2.  Cell, 
^ '  witii  the  origin  of  a  fibre  without  sheath ;  6,  cell 

/'  membrane  of  the  nerve-cell.      3.  Nerve-cell,  de- 

/'  prived,  m  the  preparation  of  it,  of  its  membrane 

KemMeUfci-nniflriSMdi-    ^nd  Gxtemal  sheath.     (Kolliker.) 

•mcuiri.  ^y^_  j  jj^  ^^  2()4,  bipolar  nerve-cell  of  the  pike, 

continued  at  each  end  into  nerve-tubes,     flj  sheath  of  the  nerve-cell ;  6, 
eheath  of  the  nerve  \  c,  medulla ;  d^  axis  cylinder  continuous  with  the 
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contents  of  the  nerve-cell»  «,  which  have  shrunk  away 
from  the  sheath  aftef  action  Ibj  arscniotis  acid.     (Kol- 
likcT.) 
^  I^ig.  118,  caudate   nerve   vceicle  of  the  multipli- 

kind:    fi,  the    nucleated   vesicle;    h,  its    processes 

Fiif.  IIS. 

I 

1 


Bcil  3&0  diimcten. 


Fig.  119. 


MmilimLar  iiPire-celli,  niB^I^C'tl  Jljri  diAmptunL 

These  probably  are  continuous  with  tlie  axis  cylin- 
ders of  the  nerves,  in  connection  with  the  vesicle. 
Fig.  119,  tubulea  And  nervr-cellH :  A,  from  sympa- 
tiietic  ganglion ;  *,  a  eepa- 
rate  cell,  showing  its  pellu- 
cjil  nucleus  and  nucleolus  : 
H,  tram  the  gray  substance 
of  human  cerebeUum:  a,  fi, 
plexus  of  primitive  ftbres ; 
c,  nucleated  globules ;  *. 
a  separate  cell  from  hu- 
uiiin  ganglion  of  Gaaser. 
(Wagner.) 

Fig,  120,  tubules  and 
nerve-cells  of  human  brain  :  A, 
nerve-cells  lying  in  the  niidat 
of  varicose  nerve  -  tubes  and 
blood-vessel  &  in  the  substance 
of  the  optie  thalamus:  «,  glob- 
ule more  enlarged  ;  h,  pinall  vas- 
cular trunk  :  B,  B,  midtipolar 
ncrve-celln  from  the  dark  por- 
tion of  the  cms  cerebri.  (Pur- 
kinje.) 

Such  being  the  construction 
of  the  fibrous  and  veflicular  ma- 
terial, we  may  nest  inquire  into 
their  fiinctions. 


II  imiDti  nerve  hibulu  uid  ccll& 
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FUNCTIONS  OF  NEKVE  FIBRES. 

That  the  function  of  nerve-tubes  is  to  conduct  impreaBJons,  ia  prOTed 
by  many  different  facts.  On  putting  a  ligature  round  a  ncrve»  Fmietionii  of 
or  cutting  it  across^  it  no  longer  transmita  the  UBUal  influ-  "^'^'^^  s'''®"- 
ences.  A  more  critical  cxiiniination  ahowa  that  impreSBLons  made  on 
the  external  extremities  of  a  nerve  are  conveyed  by  it  to  the  centraa, 
and  the  influenceg  originating  in  the  nervous  centres  are  conducted  along 
Bttch  trunks  to  the  parts  to  wliich  they  ate  distributed.  Tliia  double 
duty  therefore  implies  that  tlicrc  arc  two  classes  of  tubes,  tlie  centripetal 
and  centrilugid,  though  thus  I'ar  no  structural  difference  between  them 
liaa  been  detected.  They  can  not  of  themselves  either  originate  iniprcg- 
aiona  or  motiona,  these  in  every  instance  arising  from  external  or  central 
agency^  The  centrifugal  fibres,  when  cut  acroaa,  may  show  ^^  .  .^ 
no  effect  if  the  part  atill  remaining  attached  to  the  nerve  cen-  and  oeDirifu- 
tre  is  irritated ;  but  if  the  otlier  port  connected  with  the  pe-  ^'*'  *''"**■ 
riphery  be  pressed  upon  or  pinched,  moacular  contracttonT  that  is,  mo- 
tion, results.  If  centripetal  fibres  be  examined  in  like  manner,  the  part 
connected  with  the  periphery  being  irritated,  no  result  arises ;  but  if 
the  part  connected  with  the  centre  be  lyritnted,  Ecnsations,  general  or 
special,  as  the  case  may  be,  are  perceived.  These  several  effects  ensue 
when  the  motor  or  sensory  nerve  is  intact ;  for,  on  initating  the  one  or 
the  other,  motion  or  sensation,  as  the  case  may  be,  is  produced.  If  the 
whole  trunk  of  a  centripetal  nerve  b6  irritated,  the  mind  refers  the  een- 
aation  to  all  those  parts  to  which  the  branches  of  that  nerve  are  distrib- 
uted; if  a  part  only,  then  the  sensation  la  Ihniled  to  those  portions  to 
which  tbe  fibrils  of  that  part  go  ;  but,  besides  this,  the  mind  also  recog- 
nizes the  particular  spot  upon  the  trunk  to  which  the  irritation  has  been 
applied.  In  like  manner,  when  the  outire  trunk  of  a  centrifugal  nerve  ia 
irritated,  all  the  muscles  which  it  supplies  contract  j  or,  if  only  a  part, 
then  tho&e  muscles  which  arc  supplied  from  that  part.  From  the  ana- 
tomical fact  that  a  norve-tubc  does  not  anastomose  with  its  neighbors, 
the  influences  wliicli  it  conveys  are  transmitted  along  it  without  any  lat- 
eral diffusion,  and  every  iihre  discharges  one  duty,  and  one  Unjtv  of  fimc- 
alone-  The  centripetral  can  never  a:?s«nic  the  function  of  Uonintiie 
the  centrifugal ;  and  in  tEie  case  of  nerves  of  special  sense,  """^  '^' 
there  ia  the  same  restriction :  the  optic  nerve  can  not  transmit  the  im- 
pressions of  sounds,  nor  tbe  auditory  the  vibrations  of  light ;  the  nervea 
of  common  sensation  are  affected  neither  by  one  or  the  other,  but  they 
are  by  variations  of  temperature.  The  velocity  with  which  t^atg^fj-^^n. 
tliese  intluences  pass  along  nen-e  fibres  is  indefinitely  less  iiui^uLiatj  in 
th^  tliat  with  which  electricity  moves  in  a  metal  conductor.  "'^'^ 
Thus  lar,  however,  no  satisfactory  measure  of  it  has  been  obtained. 
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The  experimenta  of  Helmholtz  give,  for  the  rate  of  propagation,  from  83 
to  88  feet  per  second  in  the  frog,  and  in  man  200  feet»  the  velocity  ris- 
ing with  the  mean  animal  heat.  At  one  time  it  was  thought  that  there 
are  perceptible  differences  in  this  rate  in  the  same  nerve  of  diftcrent  indi- 
viduals^ or  in  different  nerves  in  the  eame  individual,  Imt  these  conclu- 
sions are  admitted  to  be  erroneous,  or  to  be  explained  upon  another  prin- 
ciple. It  can  not  be  denied  that  there  is  a  general  resemblance  between 
the  imanner  in  which  a  nervous  fibril  transmits  its  influences  and  that  in 
which  a  conducting  medium  conveys  an  electric  current,  though  the  ve- 
Reg^mblonce  loQity  may  be  veiy  differertt.  There  is  a  resemblance  be- 
between  the  tween  the  arrangement  of  the  axis  cylinder  surrounded  by 
(ricai  conduct-  ^^s  Tvhif  e  substance  and  membranous  tube,  and  that  of  a  met- 
■f"'  alline  wire  wrapped  round  with  silk,  or  other  non-conducf- 

ing  material  in  many  electrical  arrangements.  An  electric  current  arti- 
ficially transmitted  along  a  nen'C  trunk  will,  as  the  nature  of  that  trunk 
may  be,  give  rise  to  muscular  contraction^  or  produce  general  or  special 
scnaatlons,  or  originate  reflex  action.  For  these  reasons,  it  has  long  been 
supposed,  by  many  physiologists,  that  the  influence  which  pa.sses  along 
nervous  tibres  is  analogous  to  electricity,  if  it  ]jc  not  identical  therewith  ; 
but  alJ  attempts  to  prove  the  existence  of  an  electric  current*  cither  in  the 
centripetal  or  centrifugal  fibres,  have  thus  far  been  abortive.  It  may, 
however,  be  remarked,  that  tha  arguments  which  are  commonly  present- 
ed against  the  hy|wthesis  of  the  identity  of  the  nervous  agent  and  elec- 
tricity are  but  of  little  weight  when  critically  examined.  Thus  it  is  said 
that  an  electric  current,  passing  along  a  nerve  fibre,  ppreads  laterally, 
whereas  the  ner>'Ous  agent  never  doca ;  but  this  is  all  dependent  upon 
that  quality  formerly  known  among  electricians  as  intensity.  There  is 
no  reason  to  suppose  that  a  t)icrmo^lectric  current,  the  intensity  of  which 
is  very  low,  would  exhibit  such  a  lateral  propagation ;  whereas  a  voltaic 
current,  whose  intensity  is  high,  does  it  without  difficulty.  Moreover, 
though  it  has  been  stated  that  the  electric  conductibility  of  a  nervoua 
trunk  is  indefinitely  worse  than  that  of  a  metal,  even  lower  than  that  of 
a  bundle  of  muscular  fibre,  it  should  >w  remembered  in  these  discussions 
that  the  conducting  power  is  in  tlie  axis  cjlinder,  and  no  attempt  has 
ever  yet  been  made  by  any  experimenter  to  isolate  that  structure  and  sub- 
mit it  to  proper  examination.  It  is  just  the  same  as  though  we  should 
take  a  bundle  of  copper  wires,  each  one  of  which  ia  separated  from  its 
neighbors  by  a  layer  of  non-conducting  fat ;  that  we  should  cut  out  a  sec- 
rion  of  such  a  construction  with  a  pair  of  scissors,  and  then  attempt  to 
determine  its  conductibility.  That,  under  any  clrcumstauce^,  would  be 
low  enough  ;  and  the  chances  arc  that  the  non-conducting  material  would 
be  ameared  over  the  enda  in  the  act  of  making  the  section,  and  the  speci- 
men refuse  to  conduct  at  alL     In  a  similar  manner,  we  may  dispose  cf 
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all  those  experimentB  which  have  been,  brought  Id  prove  the  diggimilari- 
ty  of  electricity  and  the  nervous  agent,  by  intcT\'eniiag  a  piece  of  metal 
between  a  section  of  a  nen'oua  trunk,  it  having  been  found  that  under 
such  circumstances  the  nervous  influence  docs  not  pass* 

The  physical  condition  upon  which  the  activity  of  the  nervouB  niech- 
aniBm  depends  ia  the  supply  of  arterial  blood  ;  for,  allliough  „ 
the  nerve  fibres  never  receive  or  are  penetrated  by  blood  cap-  itj-  dependa  on 
illarics,  these  latter  run  in  company  with  them  in  the  nerv-  "  '"  *"*  ' 
oua  fascicub.  It  would  appear,  however,  that  the  supply  of  arterial  blood 
is  of  far  less  moment  in  the  function  of  the  nerve  fibres  than  it  is  in  tliat 
of  the  nerve  centres.  This  is  shown  by  the  limited  supply  given  to  the 
former,  and  the  abundant  one  to  the  latter ;  by  the  comparative  effect  of 
a  stoppage  of  the  blood  circulationt  in  whicli  case  the  action  of  the  nerve 
centres  is  instantly  arrested,  whei"eaa  that  of  the  tibres  may  continue  for 
a  long  time.  On  the  whole,  there  arc  strong  reasoii&  for  believing  that 
the  con  duct  ibility  of  the  nerve  fibres  is  as  purely  physical  as  is  tliat  of  a 
metal  wire,  and  that  the  supply  of  blood  that  they  receive  ia  only  for  the 
purpose  of  maintaining  their  construction  in  a  perfect  state. 

We  have  stated  that  there  are  nerves  the  functions  of  which  are  essen- 
tially diflcrent,  such  as  the  centripetal  or  sensory,  and  the  irt,.niirtc«fDM 
Mntrifagal  or  niotor.  The  identification  of  the  class  to  of  ihs  dam  or 
which  a  nen,'e  under  examination  belongs,  may  sometimes 
be  made  by  examining  its  maimer  of  distribution,  or  its  ganglionic  con- 
nection ;  sometimes  by  experiment,  by  making  a  section  and  irritating 
the  cut  extremitiea.  In  these  cases,  however,  caution  has  to  be  exer- 
cieed  ia  comijig  to  a  conclusion. 

FLTS'CTION  OF  NERVE-CELLS, 

The  nefrvoua  fibres  having  for  their  duty  the  conduction  of  cxtemaJ 
impressions  and  the  transmission  of  nervous  influences,  the  Funetioa  of 
Fig.  lai.  nerve-cells  or  ""'■"^  vesicles. 

yesidcs  are  for  the  re- 
ception of  those  impres- 
gions  and  the  origination 
of  those  influences.  The 
nerve  centres  or  ganglia 
are  made  up  of  vesicles, 
granules,  and  nerve-tubea 
'I  conjointly. 

J^ig,  121,  dorsal   gan- 
glion, of  the  S3"mpathetic 
nerve  of  a  mouae.     a,  b, 
DoiMigBDsiiuiivrikioiiM.  cords  of  connection  with 
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adjacent  gariiglia ;  f,  c,  c,  c^  branches  to  the  viscera  and  spinal  nerves  j  rf, 
nerve-cells ;  e,  nerve-tuljcs  traveraiJig  the  ganglion.     (Valentin.) 

For  the  explanation  of  the  fimction  of  the  nerve  centres,  it  is  essential- 
Function  of  ly  necessary  that  we  should  have  clear  views  of  the  function 
Si^Mai™-  '^^^'^^  ^^^^'  vesicles*  It  hag  appeared  to  me  that  their  duty 
iciilly.  is  manileatcd  by  their  anatomical  relations.     The  influence, 

whatever  it  may  be,  which  passes  along  a  nervous  cord,  is  completely 
isolated  therein,  and  never  leaves  the  ftbri]  in  which  it  is  passing  from 
its  origin  to  its  termination.  It  ia  isolated  by  the  white  substance  of 
They  permit  Schwann.  But  it  is  very  plain,  as  a  thousand  phenomena 
^ape^jjilo""  of  the  nervous  system  prove,  that  there  are  places  of  escape 
now  chanaetu,  for  tlua  influence,  although  it  may  be  confined  in  the  nerve- 
tube,  and  these  places  can  be  no  other  than  the  vesicles.  Their  caudate 
a6j)ect,  or  miUtipolar  form,  aa  it  is  often  termed,  will  bear  no  other  inter- 
pretation.  The  disturbing  influence,  coming  along  the  axis  cylinder  of  a 
nerve-tube,  finds  itself  delivered  into  the  granular  material  in  the  interior 
of  a  vesicle^  a  material  physically  continuoUH,  in  the  opinion  of  many 
physiologists,  with  the  atructure  of  the  axis  cylinder.  Through  this 
gnuiular  material  the  influence  is  tranfimitted^  and  if  the  vesicle  should 
have  on  its  distant  contour  two  or  more  nerve-tubes  connected  with  it, 
it  would  Beem  to  be  the  necessary  result  of  sucli  a  state  of  things  that 
the  influence  will  pass  down  all  those  channels.  For  these  reasons  I  re- 
gard the  ner\'c  vesicles  as  being  CDnstructions  for  the  purpose  of  opening 
out  the  closed  nerve  tubules,  and  pennitting  them  to  deliver  their  energy 
into  new  tracts. 

But  mote  than  this.  Whatever  may  be  the  principle  by  which  the 
DiffuMonofin-  neiTOUs  influence  is  propagated,  or  conducted  from  point 
^^JlLu'  ^^  P"^'"*  °*'  ^^^  gnumlar  Tuaterial  within  the  vesicle,  there 
rial.  must  be  now,  since  there  is  no  stnnrture  to  prevent  it,  a'lat- 

CTal  apreading  of  effect.  It  is  not  to  be  supposed  that  the  passage  is 
made  in  a  direct  lino,  from  the  terminus  of  the  centripetal  to  the  origin 
of  the  centrifugal  tibrc,  across  these  caudate  vesicles,  and  restricted  there- 
to. There  is  no  isolator  to  confine  it  in  any  Buch  track,  and  it  seems  to 
follow  of  nece.'iBity  that  the  whole  contents  of  the  vesicle  must  be  affect- 
Vesicles  reuin  ed,  and  this  irrespeetive  of  its  magnitude.  Such  a  condition 
Mdareraal;.-  of  things  intToduces  the  .suspicion  of  a  second  great  duty 
2ioe«  offorcs,  which  the  vesicles  may  discharge  in  retaining  within  tliem- 
eelves,  at  all  events  for  a  phort  period,  the  influences  that  have  thus  es- 
caped laterally,  and  thus  they  become  temporary  magnxines  of  power. 
TTbIpoIaf  bi-  ^^^  i>erhap8  this  may  be  tlie  true  intcqjretation  of  the  action 
[>ol»F,muliipo-  of  unipolar  and  bipolar  vesicles;  the  unipolar  being  a  capsule 
for  the  collection  and  conservation  of  the  entire  delivered  in- 
fluence, the  bipolar  to  admit  of  the  passage  onward  of  a  large  portion  of 
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the  force,  but  by  lateral  diffusion  to  preaerre  or  delay  a  part,  and  the 
multipolar  at  once  pennitting  of  conservation  and  of  a  discharge  into, 
perhaps,  a  multitude  of  new  channels. 

Upon  the  same  principle  tlmt  multicaudate  rcsiclea  permit  of  the  es- 
cape of  nervous  influence  troni  the  single  channel  in  which  it  interfcnnceof 
baa  been  coming  into  many  new  ways,  so  likewise  they  imprcMioQa. 
must  be  the  scats  of  the  interference  of  inflnencen  delivered  into  them 
from  many  eentrijictal  llibrea  at  the  same  time.  Thus  we  may  imagine 
a  tricaudatc  vesicle  into  the  granular  material  of  which  an  influence  is 
delivered  Himultaneoualy  by  two  centripetal  fibrils,  and  tlicsc,  reacting  on 
one  another  in  the  interior  of  the  vesicle,  give  ligc  to  a  resultant  which 
may  differ  from  them  both,  and  this  is  passed  on  through  iho  third,  the 
centrifugal  rihril. 

Regarded  in  this  way,  the  function  of  a  nerve  vesicle  may  therefore  be 
Htatcd  to  be,  lat.  To  j>emiit  the  escape  of  an  entering  influence  out  of  the 
solitary  channel  in  which  it  bas  "been  isolated  into  any  number  of  diverg- 
ing tracts  ;  2d.  To  combine  influences  which  arc  entering  it  from  various 
directions-info  a  common  or  new  result ;  3d.  By  permitttng  of  lateral  dif- 
fusion to  take  off  and  keep  in  etorc  for  a  certain  duiation  a  part  of  the 
passing  influence. 

Oiix  attention  can.  not  fail  to  be  airested  by  this  last  effect ;  for  if  there 
be  a  property  which  is  characteristic  of  the  nervous  mechan-  „ 
lara  in  its  utmost  degree  of  development,  it  is  this  of  retain-  the  vestiges  of 
ing  the  Telics  or  traces  of  impressions  which  have  formerly  ^'"P"»»i*i«. 
been  made  upon  it.     Ah  it  goc^  on  increasing  in  perplexity  as  we  rise 
through  the  animal  series,  the  provision  for  the  retention  of  such  impres- 
sions becomes  more  and  more  strikingly  marked.     Ganglionic  masses, 
which,  from  their  position  and  fitructure,  are  marked  out  for  this  duty, 
appear  in  that  ascending  scale  in  increasing  magnitude.     To  these  we 
may  aptly  apply  the  designation  of  registering  ganglia,  since  RejviRioHug 
they  truly  store  up  the  traces  of  ancient  impressions  and  keep  g^nsl^ia- 
them  in  reserve.     These  ganglia  mitjst,  moreover*  be  the  scenes  of  the  in- 
teraction and  interference  of  the  impressions  ihcy  thus  contain. 

The  registering  ganglia  thus  introduce  the  element  of  time  into  the  ac- 
tion of  the  nervous  mechanism.  The  inipresaion  wliich  ,  ,  ,  ,. 
without  ihem  would  have  forthwith  ended  in  action  is  de-  of  ihc  element 
layed  for  a  season,  nay,  perhaps  even  as  long,  though  it  may  *  "™'^" 
be  in  a  declining  way,  aa  the  structure  itself  endures ;  and  with  the  in- 
troduction of  tliib  condition  of  duration  come  all  those  important  effects 
which  ensue  Irom  the  variona  action  of  many  received  impressiona,  old 
und  new,  upon  one  another. 

This  internal  origination  of  new  results  tiirough  the  interaction  of  im- 
preasiotis  retained  in  the  tegistering  ganglia  is  too  important  a  phenom- 
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enon  to  he  passed  liglitly  bj^  more  especially  when  we  consider  the  Bur- 
piiaing  results  to  which  it  eventually  leads  in  ttie  higlicr  forms  of  life.  I 
IlluMration  of  shall  therefore,  without  anj  npology,  digrEss  briefly  for  the 
the  prwiiictJoM  sake  of  illustrating  my  nieoning*  Ijy  showing  how,  even  in 
jfuitBiiyinvjirl-  the  material  world,  from  conditions  which  are  as  fixed  as  fate, 
Able  t&uOTB.       through  interaction  of  consequeiicca  variable  results  arise. 

The  lawifl  of  Tiaturc,  being  founded  on  pure  rRasonij  arc  absolutely  uH' 
changeable.  Of  the  thinga  which  are  presented  to  our  contemplation, 
they  alone  are  invariable.  Matcnal  substances  of  every  kind  wear  by 
time,  and  exhibit  incessant  alterations,  and  this  the  same  w^helher  they 
are  of  a  terrestrial  or  a  celestial  kind.  There  arc  tides,  eclipsca,  seaaons, 
births,  dcatlis.  Tliroughout  the  universe  there  is  no  monument  that  re- 
tains it3  primordial  condition ;  for  all  material  aggregations  are  only 
forms,  and  every  fonn,  in  the  proeesa  of  time,  nmat  perish.  There  are 
changes  of  the  surface  of  the  e&rth,  changes  In  itg  position  aa  to  the  sun, 
changea  in  the  placi^s  of  systems  of  worlds  as  to  one  another.  Every 
thing  is  at  every  moment  in  motion^  but  in  the  midst  of  all,  every  law 
of  nature,  as,  for  example,  the  law  of  gravitation,  endures  without  varia- 
tion for  an  instant,  and  is  never  for  an  instant  suspended. 

This  invariability  of  natural  laws  from  age  to  age,  even,  under  circum- 
stauces  in  which  we  might  suspect  a  change,  is  illustrated  by  the  parallel 
which  may  he  traced  between  the  development  of  the  most  recent  em- 
bryos, as  of  man,  and  those  of  the  ancient  geological  times,  or  between 
human  development  and  tliat  of  the  whole  animal  series.  In  all  these 
cases  such  a  phenomenon  is  never  witnessed  as  that  of  a  part  springing 
from  nothing :  it  conies  out  of  i^oraething  existing  before,  and  exists  as  a 
conaequenee  of  some  preceding  act.  The  order  in  which  part  arises  from 
part  is  the  game  now  as  it  has  been  in  all  times — the  same  in  organ- 
isms which  are  moat  distinct  from  each  other  in  structure  or  position  in 
the  natural  scale  ;  and  thus  we  sec  that  development  is  not  ouly  the  con- 
sequence of  law,  but  of  law  which  Is  unchangeable  and  universal  in  its 
application. 

As  with  these  phenomena  of  development  and  all  natural  facts,  so  with 
the  operations  of  the  mind.  There  is  no  such  thing  as  a  spontaneous  or 
self-originating  thought.  Every  intellectual  act  i^  the  consequence  of 
some  prcceduig  act.  It  cornea  into  exislencc  in  virtue  ol'  something  that 
has  gone  before.  Two  minds  constituted  precisely  alike,  and  placed 
under  the  influence  of  precisely  the  same  external  pliysieal  circumalancea, 
must  give  birth  to  precisely  the  same  thought*  Such  is  plainly  the 
consequence  of  that  invariability  and  universality  of  the  laws  of  nature 
on  which  I  have  been  insisting,  which  is  illustrated  by  the  fact  wc  so  often 
witness  in  our  daily  affairs,  and  strikingly  in  the  case  of  philosophical 
discoveries,  the  same  idea,  occurring  to  many  persona  at  the  same  time* 
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It  is  this  sameness  of  action  to  whicli  we  allude  in  that  popular  exprea- 
aion,  copjnion  sense — -a  tertn  full  of  meaning.  In  the  origination  of  a 
thought  there  are  two  distinct  conditions  involved — the  state  ofthenaiud 
as  dependent  on  antecedent  impresaions,  and  the  existing  physical  cir- 
cumatances.  Tiic  hrain  is  the  instrument  on  which  external  circum- 
stances play  i  but  in  the  same  niunner  that  the  course  of  time  presents 
ua  with  natural  vicissit tides,  such  as  night  and  day,  the  seasons,  the  tidea, 
spring  and  neap,  with  liieir  chb  and  Bow,  variations  of  events  may  ensue, 
notwithstanding  the  fate-like  aspect  of  the  acting  law,  and  this  through 
the  interaction  of  consequences.  So  tlic  eartli  revolves  round  tlic  sun 
as  a  conse*.iuencc  of  gravity,  and  for  the  aanic  reason  doea  the  moon  re- 
volve round  the  eartli ;  for  the  same  cause  do  the  tides  flow  and  ebb  in 
the  sea;  yet  there  will  be  spring  tidca  wlien  the  sun  and  moon  draw  in 
one  direction,  and  nciip  tides  when  tticy  draw  in  opposite  ways.  Out  of 
the  invariable  the  variable  may  tiierefore  arise. 

To  return  from  this  di^ession  to  the  phenomena  displayed  by  regis- 
tering ganglia,  in  continuation  of  the  views  offered,  I  may  pre-  niutiraticin  of 
sent  aa  an  example  the  manner  in  whicli  I  should  l>e  disiwaod  i^'?''*'fri".K  . 

.  1  ^imRlin  ipi  in- 

to regard  m  tbi.'^  respect  the  entire  nervous  system  of  the  ar-  seL-m. 

ticulata.  Constructed  as  these  animals  are  upon  an  axis,  the  nerves 
which  are  given  off  from  the  ganglia  upon  that  axis  right  and  left,  a  pair 
for  each  segment,  arc  primarily  purely  automatic,  and  act  therefore  pri- 
marily in  a  purely  retlos  way  ;  an  impression  made  on  the  peripheral  ex- 
tremity of  one  of  their  centripetal  iibres  id  conducted  to  the  gunglion, 
passes  through  it,  escapes  along  the  centrifugal  fibre,  and  a  motion  oc- 
curs. But  the  whole  infl,Licncc  is  not  thus  promptly  disposed  of.  A  part 
of  it  is  conducted  by  coininis&ural  strands  to  the  eejihalic  ganglia,  and 
there  held  in  reserve.  And  the  same  thing  holds  good  for  ev-  .,  ,,  . 
ery  one  of  the  ganglia  of  the  ventral  cord,  so  that  for  them  all  the  cephjiUc 
the  cephalic  become  a  p>oint  of  common  convergence,  or,  in  my  ('''"^sIj"- 
view,  the  common  register  for  them  all.  Here,  at  this  focal  point,  are 
stored  up  the  relics  of  whatever  impressions  have  been  made  upon  the 
common  j)eripheral  nerves,  and  here  are  received  those  which  are  brought 
from  the  structurc3  of  special  sense — the  viidual,  the  auditory,  the  olfac- 
tory, if  any.  There  doca  not,  then,  appear  any  great  difficulty  in  ex- 
plaining ihc  well-marked  deviatiofl&  from  automatism  wliicli  these  ani- 
mals may  present. 

The  action  of  ever}-  ^nglionlc  meelmnism  depends  upon  the  existence 
of  certain  physical  conditions,  among  which,  as  being  of  par-  Nt-rve  cantrca 
amount  importance,  one  may  be  discerned.  It  la  the  due  ^^pf  j,y  o^j^ja, 
supply  of  artcrializcd  blood.  Tf  this  he  stopped  but  for  a  ''""■ 
moment,  the  nerve  mechanism  loses  its  power,  or  if  diminiyhcd,  the  dis- 
play of  ita  characteristic  phenomena  correspondingly  declines.     If,  on 
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the  contrary,  the  supply  be  unduly  great,  or  its  oxidizing  power  artificial- 
ly increased,  there  is  a  more  energetic  action.  This  latter  condition  of 
things  ia  presented  in  the  earlier  stages  of  the  respiration  of  protoxide  of 
nitrogen,  an  increased  muscular  power,  and  an  exaggeration  of  the  pro- 
cesses of  intellection.  The  opposite  state  is  witnessed  when  carbonic 
acid,  more  or  less  dilute,  is  breathed,  from  that  blunting  of  tlie  intellectual 
faculties  and  indisposition  for  muscular  exertion  wliicli  in  felt  in  ill-ven- 
tilated apartments  where  carbonic  acid  is  pemiitted  to  accumulate,  to  the 
profound  torpor  and  insensibility  experienced  when  it  is  in  a  more  con* 
centrated  state.  These  exaltations  and  depressions  of  the  capabilities  of 
the  nervous  instrument  are,  therefore,  clearly  of  a  chemical  kuid,  and  may 
be  produced  artificially  and  at  pleasure  by  the  respiration  of  appropriate 
gases  or  the  administration  of  certabi  drugs.  Nay,  even  the  accumula- 
tioiiB  of  the  effete  products  of  tlie  economy  are  BufHcient  to  give  rise  to 
such  diminutions  of  pawcr»  as  we  see  when  bile  or  urea  ia  permitted  to 
accumulate  in  the  blood.  Tlie  therapeutical  and  toxicologieal  influences 
of  certain  medicaments  are  illuHtriitions  of  these  principles.  iM  audi 
subatancea,  some  act  on  the  sensorial  and  some  on  the  motor  powers. 

The  copious  distribution  of  arterial  blood  to  the  nen'ous  centres  indi- 
Nece&Bityofri>  cates  that  tlicy  undergo  a  rapid  waste.  That  supply  can 
pair  aad  rast.  jj^^  jjg  f^^  jj^g  mere  purpose3  of  growth  alonct  sitjce,  when 
once  maturity  is  reached,  the  nervous  mechanism  presents  but  little  ex- 
pansion. The  provision  for  nutrition  assures  us  that  that  action  must 
be  rapidly  going  on ;  but  the  equilibrium  of  the  system  betrays  that  such 
nutrition  is  not  for  development,  but  for  tlie  repair  of  waste ;  and,  in- 
deed, this  waste  proceeds  at  such  a  rate  that  there  arises  in  some  portions 
of  this  system  a  necessity  for  periodic  repose,  a  time  for  the  restoration 
of  the  partSi  If  any  arguments  were  required  to  establish  beyond  dis- 
pute that  Buch  a  disintegration  of  the  material  of  the  nerve  centres  does 
occur,  it  would  he  furnished  by  an  examination  of  the  urine ;  for,  in  nerv- 
ous substance,  phosphorus  occurring  as  a  characteristic  ingredient,  it 
must  give  rise  to  the  production  of  phosphoric  acid,  or  salts  thereof,  in 
D«siniftion  of  t^is  supposed  jjcriods  of  activity.  Jloreover,  in  this  mcta- 
nervoua  mwe-  morjjhosis  of  the  vesicular  structure  ammonia  must  evcntu- 
jioriion  tu  ncrv-  3%  anse,  from  the  cell  walls  if  from  no  other  source,  and 
ouB  actmtj-.  accordingly  wc  find  in  the  urine  that  characteristic  double 
salt,  the  phosphate  of  soda  and  ammonia.  The  amount  of  these  alkaline 
phosphates  has  long  been  known  to  be  in  proportion  to  the  activity  of 
the  nervous  system,  particularly  in  the  ease  of  individuals,  sucli  as  cler- 
gymen, whose  mental  powera  are  taxed  unduly  at  stated  intervals.  The 
general  fact  that  the  degree  of  energy  which  tliis  system  exliibits  is  de- 
pendent on  the  activity  of  respiration  in  difEcrent  tribes  of  life  might  be 
established  from  many  familiar  instances.^ 
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More  precise  ideas  would  Ijc  arrived  at  regarding  the  waste  of  the  nerv- 
ona  niechanism  if  we  possessed  a  more  accurate  knowledge  of  ita  chem- 
ical conatitution.     The  exiLininationa  hitherto  made  are  far  „        .  .      , 

(ompoaitiOQol 

from  agreeing  wilii  one  another,  and  this,  to  a  certain  extent,  nervous  miu- 
ia  due  to  the  difficulty  of  obtaining  the  true  nervous  tissue  in  "*'" 
an  isolated  statc»  or  unniingkd  with  other  inten^ening  Htructurea.     The 
following  tables  will  give,  however,  a  general  idea  of  its  composition  at 
difiei:ent  jwriods  or  in  different  conditions. 

AkoIi/hU  of  BraiH  of  different  CoaSliaiis  nf  Life.     (From  L'llfritier.y 


faruU.     T 

W«»r 

Albumen 

Flit 

OnnuoM  ftud  ultn 

$31.90 
70.00 

g.00 

1000,00 

YaiElli* 

WZ.60 

103.00 

68.00 

1B.50 


)000,0<1 


Ada  Els. 

Ab*^ 

72S.10 

ras.fio 

94.00 

tl6./10 

61,00 

43.^o 

mLSci 

1^1.80 

18,00 

10.00 

lOOO.OO 

10041.00 

IdJvH. 


700.SO 
64,00 

fifi.OO 

14H.S0 

B.60 


100D.OO 


CbMponfwn:  <^  Spiml  0>rd  of  Adah.    (From  L'Herilitr.) 

Water 710-M 

Albmneii...., .„...,. 73.00 

Fm .., sa.nr) 

Ohduohb  ..r, , 116.00 

FlKMphonu  ..., , 18.00 

1000.00 

Ajtaijina  of  MttbMarg  and  Cortkat  SilMtaiift  ofBrniu  of  Idiot.    {From  Lassai^e..j 


Water ,. --- 

Albiuoen. 

CofrriesB  fat ,. 

Red  fut 

ExIrttiCtivu,  lapfic  nc-id^  and  sjills... 
Phospliaics  of  lime,*inaj;iiusiii,  Ami 
peroxide  of  iran |> 


iXirtical  ui4  Med- 


770.00 
0(i.00 
7S.0O 
SI  .00 

20.00 

11.00 


I  1 1  -00         I 

r  1000:00     \ 


CttrtluL 

060.00 
75.00 

in.offl 

37.00 
12, W 


ipsa.oo 


UmIdIUit, 

~730700' 

99.00 

139.00 

9.00 

10.00 

13.00 


1000.00 


From  which  it  would  appear  that  the  percentage  of  water  is  greatest  in 
the  early  perioda  of  life,  and  that  of  phoapborua  in  the  adnh.  Attention 
may  also  be  drawn  to  the  fact  that  the  percentage  of  phosphorus  in  the 
brain  of  idiots  ia  very  low.  It  also  appears  that  the  eonstitiition  of  the 
white  and  gray  portions  of  the  brain  is  different,  as  might  Jiavc  been  an- 
ticipated from  their  api^arance,  the  color  of  tlie  latter  being  due  to  a 
brown  fat.  By  some  it  is  supposed  that  the  non-saj»onitiable  fat  cho- 
lesterine  arises  aa  a  product  of  waste,  and  that  the  phosphorized  oils,  as 
they  are  Icmied,  constitute  the  white  enveloping  cylinder  known  aa  the 
white  substance  of  Sehwann,  and  that  tlic  interior  cyhnderis  a  nitrogen- 
ized  but  non-phosphoriacd  body :  but  there  arc  reasons  for  suapecting 
that  the  white  substance  of  Scliwanii  is  a  noiL-phos,phorized  fat,  and  thai 
the  axis  cylinder  contains  the  phosphorus  in  an  nnojcidi^ed  state,  prob- 
ably as  a  higlilv  phosphorized  ])rotein  body.     Every  thing  seems  to  in- 

S 
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(licAto  that  Schwann's  substance  only  discliarges  the  physical  duty  ot' 
on  isolator.  The  coincidence  between  the  varying  activity  of  tlie  nerv- 
ous mechanism  and  the  varying  quantity  of  oxidized  compounds  of  phos- 
phorus in  the  urine  indicates  in  a  aigniitcant  manner  that  this  chemical 
<slemcnt  bears  something  more  than  a  passive  relation  to  the  procegsefl 
going  forward ;  and  its  biowii  occurrence  in  the  vesicular  structures,  to- 
gether with  ita  extraordinary  chemical  relations,  would  prepare  ub  to  ex- 
pect that  it  iBy  in  reality,  intimately  concerned  in  all  these  phenomena. 
Vesicular  nervous  material  contains  much  less  fatty  matter  than  the 
,  ,      ,  tubular,  but  much  more  water.     Thus  Uauff  and  Walther 
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veaicuiarmat-  found  in  the  gray  Bubstanco  of  the  brain  from  85  to  86  per 
"■"■  cent,  of  water,  and  only  from  4.8  to  4.9  of  fat;  but  in  the 

corpus  callosum  they  found  70.2  per  cent,  of  water,  and  Ironi  14.5  to 
15.5  of  fat.  From  such  facts  it  would  appear  that  the  presence  of  fat  in 
nervous  material  is  functionally  connected  with  its  property  of  conduc- 
tion or  transmission  of  nervous  influence.  In  the  brain  of  a  child  which 
died  at  birth,  Schlossberger  found  that  the  corpus  caljosnm  contained  as 
nmch  water  as  the  gray  matter,  and  that,  compared  with  the  brain  of 
adulla,  tliat  of  new-born  infanta  is  richer  hi  water  and  poorer  in  fat-  Von 
Bibra  aiicertaincd  that,  witliin  certain  limits,  the  quantity  of  fat  is  con- 
stant in  the  brain  ;  that  a  diminution  or  increitse  of  fat  in  other  parts  of 
the  system  is  not  accompanied  by  any  change  in  the  quantity  of  brain- 
fat  ;  that  the  proportion  of  fat  in  the  brain  of  man>  other  tnammals,  birds, 
amphibia,  and  fishes,  diminishes  in  the  order  in  which  their  names  are 
here  mentioned ;  that  the  medulla  oblongata  contains  the  largest  per- 
centage of  fat;  that  the  quantity  of  brain-fat  in  old  men  ia  a  little  less 
than  tihat  of  adidts  in  the  prime  of  life.  He  also  jconcludes  that  the 
amount  of  phosphorna  in  "brain-fat  is  nearly  the  same  in  man,  other  mam- 
mala,  and  birdu ;  that  itg  percentage  in  the  brain  of  the  inaane  does  not 
exceed  the  mean  amount ;  that  the  vesicular  matter  contains  more  phos- 
phorus than  the  white;  and  that  there  is  no  Bpccial  connection  between 
the  intelligence  and  the  amount  of  phoRphoniB  ;  tliat  the  amount  of  fat  in 
the  brain  of  the  foetUB  is  much  less  than  that  of  the  adult,  the  diflerence 
being  made  up  by  an  excess  of  water,  but  that  a  great  and  sudden  aug- 
mentation of  fat  occurs  toward  tlic  end  of  ftctal  existence. 

Our  attention  may  next  be  directed  to  the  methods  of  repair  of  the 
u  J    !■„    ■    vesicular  structures.     Their  waste,  as  iust  established,  im- 

Hooe  of  repair  ^  . 

«t  nervoos  plics  thcir  repair.  Here,  as  in  the  muscular  tissues,  the 
"**  '  blood-vessels  conduct  both  operations,  and  the  mode  of  dis- 

tribution of  the  capillaries  is  auch  aa  to  bring  the  circulating  current  into 
the  most  tavorable  position  for  discharging  this  duty.  The  vesicles  are 
included  in  the  midst  of  a  network  of  capillaries,  and  it  is  believed  that 
fheip  is  a  resemblance  between  their  mode  of  growth  and  that  of  the  cells 
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of  the  epidermia  i  that  is  to  say,  they  arise  from  nuclei  on  tlie  apaces 
whicli  are  neiarest  to  the  supply  of  blood,  and  gradiuiUy  undergo  devel- 
opment 45  they  prepare  for  connection  with  the  tubular  tissue,  assuming 
the  place  of  cells  that  have  diachargcd  their  function  and  arc  undergoing 
disintegration.  This  gradual  parsing  onward  and  wearing  away  recslls 
the  changed  in  the  structure  of  tlie  cutide. 

To  two  of  the  substances  thus  met  witli  in  these  examinations  of  the 
nervoaa  system  our  attention  may  he  profitably  directed.  „. 
These  are  cholesterine  and  phoaphorua.  Of  the  former  we  wiJ  phosphtK 
uan  not  have  failed  to  remark  that  it  is  a  constant  ingredient  '*"' 
in  the  product  of  the  action  of  the  liver.  It  is  a  lipoid,  and  \a  found  in 
biliary  calculi ;  and  though  it  may  be  regarded  in  one  sense  as  an  eKcre- 
mentitious  body,  since  it  occurs  in  fiecal  matter,  yet  it  also  appcarg  ae 
&  normal  constituent  of  the  blood.  It  may  therefore  be  inferred,  if  the 
opinion  of  ita  exiatence  in  tlie  white  substance  of  Schwann  be  correct, 
that  it  is  one  among  the  various  flinctions  of  the  liver  to  prepare  this 
body.  Of  phosphoiTZS  it  might  be  aaid,  that  it,  among  the  chemical 
elements,  is  most  strikingly  characterized  in  ita  active  state  by  the  in- 
tensity of  ita  afBnity  for  oxygen.  On  this  depends  its  quality  of  shining 
in  tlie  dark,  a  quality  which  Ima  given  it  a  name ;  but  by  many  agents, 
such,  for  example,  aa  exposure  to  a  particular  temperature,  and  especially 
to  the  ligiit  of  the  sun,  it  may  be  tlirown  into  a  condition  so  completelj 
paasive  that  its  chemical  energies  disappear.  The  doctrine  that  was  pre- 
sented in  explanation  of  the  destruction  of  one  part  of  the  ayatera  by  the 
air  introduced  by  respiration  while  aniother  ia  protected  therefrom,  as  de- 
pendent on  the  albtropic  condition  of  those  parts,  is  presented  here  again 
in  discussing  the  destruction  and  repair  of  the  nervous  tiaaue ;  for  it  is 
only  when  it  is  ready  to  be  removed  that  the  phosphorized  constituent 
assumes  the  active  state,  and  in  so  doing  gives  rise  to  the  development 
o(  force.  On  this  view,  it  would  appear  that  such  phoaphorked  eom- 
pounda  are  obtained  from  the  vegetable  kingdom  in  the  food  in  a  passive 
state,  the  tissues  of  plants  having  deoxidized  them  under  the  influence 
of  the  sunlight,  which  simultaneously  has  thrown  them  into  the  condi- 
tion of  inactivity,  and  perhaps  it  ia  the  assumption  of  that  very  condition 
that  ia  the  fundamental  cause  of  their  deoxidation. 

By  the  aid  of  the  conclusions  to  which  wc  have  come  reepecting  the 

function  of  nerve-tubes  and  vesicles,  as  betrayed  by  tiicu*  an-  FuticiionB  of 

atomical  structure,  we  shall  not  have  much  difficulty  in  ex-  nfrvc-colUand 

1      1        >t    a    piJigHa  con- 
plaining  the  offices  of  nervous  arcs  presently  to  be  de&cnbcd.  sirkreti  eiec 

The  results  at  which  we  thus  arrtve,  from  a  consideration  of  "icdly. 

those  cells,  arc  aingiilarly  fortified  by  the  electrical  experiments  of  Gal- 

vani,  Volta^  Nohili,  and  especially  those  of  Volkroann.     Among  these, 

the  three  following  are  of  primary  importance  !  ..,:. 


276  volkmann's  electrical  experiments. 

1st.  When  n  continuous  electrical  current  is  paflsed  along  r  ccntrifu- 
Vulfemann'fl  g^"  iiervc,  coiitracHon  of  the  muscles  which  that  nerve  supplier 
results.  takes  place,  and  continues  as  long  as  the  electric  current  pass- 

es, without  relaxation,  but  ceases  the  moment  tlie  current  is  stop|>ed. 

2d.  When  a  continuous  electric  current  is  passed  througli  a  ganglion, 
contraction  of  the  muscles  supplied  by  the  centrii'ogal  nerves  of  that  gan- 
glion ensues.  These  contractions  do  not  alternate  with  relaxation,  and 
on  stopping  the  current  the  contraction  does  not  cease  as  in  the  preced- 
ing case,  but  is  continued  for  a  period  of  time. 

3d.  When  &  continuous  electric  current  ia  pasaed  down  a  centripetal 
ner\'e,  muscular  contraction  of  the  parti*  supplied  by  the.  corresponding 
centrifugal  nerves  occurfl,  and  theisc  contractions  alternate  witli  relax- 
ations. 

In  view  of  these  facts,  we  arc  brought  to  two  conclusions :  First,  that 
there  is  a  property  in  the  ganglion  which  enables  it  to  bold  in  reserve  a 
portion  of  the  influence  brought  into  it,  so  as  to  keep  up  the  action  for  n 
period  of  time  after  the  original  disturbing  causes  liave  ceased.  Second, 
that  the  structure  of  the  ganglion  is  such  as  to  permit  the  escape  of  the 
coming  inriuence  by  lateral  ways,  either  periodicilly  or  otherwise,  and  so 
to  produce  from  a  contlimoua  influence  an  intermitting  eftcct. 

Recalling  the  fact  that  a  ganglion  is  made  up  of  nerve-tubes  and  vesi- 
cles conjointly,  these  electrical  results  niu.'it  find  their  solution  in  the  el- 
eracntarj'  atmcture  of  the  ganglion,  that  is  to  say,  in  its  vesicular  por- 
tion ;  for  it  is  not  to  be  supposed  that  a  current  of  electricity,  sucb  as  wc 
ate  here  considering,  would  ever  have  an  opportuiiity  of  escaping  from 
the  asia  cylinder  along  which  it  passes.  The  isolating  qualify  of  the 
white  cylinder  of  Schwann  would  prevent  any  such  effect.  It  is  not  nec- 
essary that  wc  should  embarrass  ourselves  hnre  with  the  fact  that  elec- 
tric currents  of  sufficient  intensity  could  make  their  way  out  from  the  in- 
terior channel  in  spite  of  its  insulating  investiture,  since  it  is  only  with 
those  of  a  far  less  power  that  we  have  to  deal.  Arrived  in  the  vesicle, 
the  current  at  once  diffuses  itself  throughout  the  granular  material,  just 
in  the  same  manner  that  it  would  diffuse  throughout  a  spherical  conduct- 
ing mass  if  brought  to  it  by  a  wire,  snd  escape  therefrom  through  any 
number  of  similar  wires  that  might  chance  to  be  in  contact  with  the  con- 
ducting mass  beyond;  and  though  the  main  body  of  the  current  would, 
as  may  be  readily  proved,  under  these  circumstances  move  in  a  direct 
line  from  the  point  of  entry  to  the  point  of  exit,  there  would  be  neverthe- 
less a  diffusion  of  part  of  it  through  the  conducting  mass^  no  portion 
thereof  remaining  unaffected.  In  a  good  conductor,  such  as  a  metal,  thia 
laterally  diverging  current  would  instantly  escajMi,  but  the  case  becomes 
very  different  in  the  leas  perfectly  conducting  material,  the  granular  sub- 
stance within  the  cell.     As  in  the  secondary  piles  of  Eitter,  which,  when 
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brought  into  contact  with  an  active  voltaic  circle,  participate  ,  ,  . , 
in  alt  Its  qualities,  physiological  and  dicmical,  give  shoeks,  the  wcondary 
produce  deLompoaitions,  and  continue  to  do  ao  for  s.  time  aft-  t"  "-""  *"  Kitur. 
vT  tfje  original  influence  has  ceased,  ao  a  similar  conservation  occurs  in  the 
interior  ot'tlie  vesicle  i  and  this  I  consider  to  "be  the  consequence  of  the 
difference  of  structure  of  the  fibrous  axis  cyiijider  and  the  granular  vesi- 
cle contents.  The  continuous  lines  along  which  the  influence  has  been 
coming  terminate  on  reaching  the  veaide,  and  are  replaced  hy  a  divided 
and  inferior  conveying  structure,  a  structure  whieh  recalls  at  once  the  sec- 
ondary pilea  of  Ritter  just  alluded  to. 

We  may  therefore  truly  say  that  these  electrical  expcrimcnta  oifijr  a 
!4triking  confirmation  of  the  truth  of  the  conclusions  to  CaincLdsnce  at 
which  we  have  come  from  tlie  study  of  the  anatomical  atruc-  "j*"|"J^ri„,i 
ture  of  a  ncn'ous  arc.  They  asanrc  us  that  a  vesicle,  and  ciaminQdan. 
therefore  a  ganglion,  has  a  double  office  to  perform,  tlie  stopping,  reserv- 
ing, storing  up  a  part  of  the  influence  which  is  brought  to  it,  and  also 
the  conveying  of  that  incident  influence  into  many  new  channels.  These 
conclusions  are  altogether  independent  of  any  conception  of  the  nature  of 
ihc  nervous  agent :  it  may  be  identical  with,  or  allied  to,  electricity,  or  it 
may  he  a  totally  different  principle.  It  is  not  that  question  which  we 
are  concerning  ourselves  witli  now.  We  are  dealing  witli  structure  and 
its  interpretation.  Whatever  our  views  may  be  of  the  uature  of  innerva- 
tion, we  shall  And  ourselves  constrained  to  infer  that  the  delays,  diver- 
gences, detentions,  and  subsequent  surrender,  tSie  opportunity  of  diverg- 
ing from  one  into  many  new  channels,  or  conversely  the  conveyance  from 
many  lines  of  entry  into  a  fjtnglc  one  of  exit,  witli  all  the  accompanying 
interferences  and  rcaetion.«,  nmat  be  common  to  both  the  electrical  and 
the  nervous  agent,  for  they  depend,  not  upon  the  qualities  of  those  prin- 
ciples, hut  upon  the  anatomical  structure  through  which  they  are  passing. 
With  these  remarks  I  proceed  to  an  exposition  of  the  typical  eonatnic- 
tion  of  the  nervous  system,  pointing  out  its  sncccssive  com-  iivpotheticai 
plications.  The  hypothetical  diagrams  which  I  shall  now  jJirvL'ua'medf- 
present  are  chiefly  for  the  aake  of  impTegging  the  conelu-  anism. 
aiona  at  which  we  have  arrived  from  a  conaidcralion  of  the  atnicture  of 
the  nervous  elements,  fibrous  and  vesicular,  the  experimental  determina- 
tion of  those  functions,  and  their  electrical  phenomena.  That  these  dia- 
^-  J*^  grams  are,  iiowcver,  somewhat  more  than  imaginary 

sketches,  will  be  obvious  from  a  consideration  of  the 

nervons  mechanism    of  the  articulata,  which  offers 

striking  illustrations  of  them. 

The  simple  automatic  nerve  arc^  F'/ff.  122,  consists 

of  an  afferent  or  centripetal  fibre,  a,  connected  contin- 
Biii.piB^;n^ue»m     nously  with  an  efferent  or  centrifugal  tibre,  c.     An 
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impreasion  made  on  the  free  extremity  of  a  instantly  produccR  a  con- 
ji^  143.  traction  in  llie  muscular  fibre  tn,  which  the  effe- 

rent  hranch  e  supplies.     The  whole  force  is  at 
once  consumed,  no  portion  of  it  remaining. 

The  simple  celkted  nerve  arc,  J'^ig.  123,  con- 

BiBta  of  a  centripetal  fibre,  a,  which^  receiving 

impressions  on  its  free  extremity,  conveys  them 

to  the  vesicle  v,  from  which  the  influence;  passes 

forward  along  the  centrifugal  iibrc  e,  causing  tht 

sijiuiifcuii^todijf.  muscular  fibre  jh,  which  the  ncT\-e  supplies,  to 

contract.     An  impression  made  at  a  therefore  produces  motion  at  m. 

The  action  ia  purely  automatic,  and  a  part  of  the  force  is  stored  up  or 

remains  in  the  vesicle. 

In  the  figures  here  given,  the  centripetal  and  centrifugal  fibres  arc  rep- 
resented apart.  In  fact,  however,  they  may  be  considered  as  bound  to- 
gether, for  the  sake  of  eompactnegs,  without  (here  being  any  fusion  or 
coalescence  of  structure  or  functions.  It  ia  also  to  be  understood  thai 
tlie  free  extremity  of  the  centripetal  tibrc  ia  connected  with  some  special 
mechanism  adapted  to  the  influence  it  ia  to  receive.  Thus  its  axis  cyl- 
inder may  be  naked,  or  connected  with  a  vesicle,  or  with  an  apparatus 
for  the  reception  of  light,  or  sound,  or  heat,  or  pressure,  «&c. 

Multiple  automatic  nerve  arcs  arise  from  an  arrangement  of  many  such 
Fto.  iM.  simple  arcs  in  auccession  longitudinally,  aa   in  ^iff, 

124,  or  it  may  be  in  a  circular  order.  The  former 
case  is  presented  in  the  articuiata,  the  latter  in  the  ra- 
diata.  P^ach  symmetrical  portion  of  the  animal  lias 
its  own  nervous  arct  but  as  audi  symmetrical  portionfl 
arc  not  destined  to  live  an  independent  life,  but  to  act 
in  unison  with  the  others,  a  necessity  nrises  for  each 
arc  to  be  brought  in  relation  aud  ninintain  a  connec- 
Hui.iw«ncrvL..r«L      ^j^^  ^^j^  ^j.^  ^jj^^^^^  and  thia  is  done  by  extending 

from  ganglion  to  ganglion  fibres  of  communication,  e,  c,  wliicb  may  here 
Commiuural  ^  Called  Commissural  fibres.  So  the  circle  of  ganglia  whicli 
Bbren.  surrounds  the  mouth  of  the  radiata  is  not  a  circular  arrange- 

ment of  isolated  ganglia,,  but  a  ring  of  ganglia  and  commissures  conjoint- 
ly. Where  the  nervous  system  is  planned  Hj'mmclrtcally  on  the  two 
eides  of  the  mesial  plane,  the  ganglia  are  conimiasurcd  across  the  plane 
to  insure  a  reciprocity  of  action.  In  the  molluscs,  whose  orga]is  of  ani- 
mal life  fiiiow  this  bilateral  symmetry,  and  which  Jiave  three  such  gan- 
glia, the  cephalic,  pedal,  and  parieto-splanchnic,  each  is  conimiasured  witlj 
its  colleague  on  the  other  side  of  the  plane,  or  they  are  brought  up  to  the 
plane  and  juxtaposed,  the  commiFsurc  then  disappearing,  but  their  bi- 
lobed  aspect  betraying  theu*  separate  conatruction.     The  coalescence  frc- 
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qiiently  becomes  more  intJinate,  and  all  traces  of  the 
orig'um]  doable  construction  lii.^appear. 

Tiie  letters  remaining  the  same  as  in  the  preced- 
ing diagrainsj  I'^ig,  125  representB  the  raamior  of 
conimjssuring  across  the  mesial  plane. 

As  illuatnitiona  of  the  manner  in  which  these 
mechanical  [irinciplcg  are  carried  out^  the  following 
figures  are  given. 
Fi^.  12G,  nervous  aystem  of  the  iana  of  the  sphinx  li- 
gustri,  showing  the  successive  arrangement  of  mul-  ... 
tiple  nerve-arcB  from  I  to  11,  conimjasurcd  with  frcm  various 
one  another,  and  all  with  the  cephalic  ganglion  *"'™*  ■ 
17,  which  13  their  common  register. 

Fig.  127,  the  pupa  condition  of 
the  same  insect,  and  Fig.  128  the 
imago.     (Newport.) 

Fig.  129,  nervous  syateia  of  the 
asterias,  in  its  elementary  parts. 
It  consists  of  a  scries  of  five  gan- 
glia, jr,  y,  circularly  arranged  round 


Fig.  137. 


Nervooa  n'litiMn  Nen-mji  trystrm  ot  Ser¥Oii«B>'«l6iiiof 
OflftrFBor  p[i]j»  uf  Bphlni   li-    lltiKBOofiilihini]!. 

aptiliu  lli^iKtrl.    (cualrl.  giiitii.  i 

the  mouth  of  the  animal,  and  giving  forth 
to  ea.ch  ray  a  pair  of  nerves.     (Tiedemann.) 
Fi<!.nn,  Fig.  130,  nervous  sy stern 

of  patolla :  /,  I,  lateral  ganglia, 
commissured  with  the  cephal- 
'/  T\  V  ^^  which  is  between  tliem  ;  i, 
'"  '  I  fl  the  transverse  OT  gubcEsopha- 
NftrvoiiH  *r.ttm  or  g^al  ganglion,  commiasured  in 
i***"'-  like  manner.     (Cuvicr.) 

Fig.  131,  nervous  system  of  aepia  octo- 
poA:  c^  cephalic  ganglion;  o,  o,  optic  gan- 
glia ;  g,  subceaojihagcal  ganglion  :  ^,  /,  lat- 
eral stellate  ganglia ;  a^  abdominal  or  vis- 
ceral ganglion.     (Cuvier.) 


Nerroui  ojatuiu  oT  asleiiu. 
FiO-  131. 


Krrroui  ■j'stciu  ofactejpujL 
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Fig.  \^%  nervous  system  of  aplyaia:  a,  an-  wimbi. 

Cexior  ganglion  ;    c^  cephalic  ;   l^  I,  lateral ;   t^, 
abdominaL 

In  the  mechanical  interpretation  of  the  nerv- 
I'unction  Gf  ous  sygtcm,  thc  action  of  commia- 
commissiires.  gural  Btrands  is  a  point  of  primary 
importance.  It  may  be  aaid  that  they  are  for 
the  purpose  of  drawing  oif  from  the  nervo  arc  a 
port  of  thc  intlucnce  which  is  coming  along  thc 
centripetal  Hbre,  and  directingit  into  a  newchan- 
nel.  If  such  coarse  illustrations  arc  permissi- 
ble, the  vesicles  act  lilte  a  three-way  cock,  or 
perhaps  like  a  piece  of  looking-glass  witli  a 
part  of  thc  foil  removed  from  its  midst;  a 
beam  of  light  impinging  upon  it  la  in,  part  reflected,  and  part  csca]>es  be- 
hind through  the  uncovered  space.  Thaugli  I  have  desciibed  the  simple 
cellated  nerve  arc  as  containing  essentially  a  ^nglion  or  vesicle,  it  is  not 
fo  be  supposed  that  such  a  structure  neceasarily  inipresfles  any  change 
on  thc  incoming  influence.  Siiice^  if  we  irritate  a  centripetal  libre,  mus- 
cular motion  may  enaue  from  propagation  of  that  irritation  through  the 
ganglion,  and  if  we  irritate  a  centrifugal  fibre*  muscular  motion  equally 
i:nsues,  it  is  rj^uite  clear  that  in  the  go-called  action  of  rcHection  by  tho 
ganglion  there  is,  in  reality,  no  change  in  the  influence  which  has  been 
brought  along  the  centripetal  fibre.  The  same  impression  on  any  part 
of  the  nervous  arc,  no  matter  on  whicli  side  of  thc  ganglion  it  may  bo 
made,  will  produce  the  same  muscular  result. 

Such  considerations  therefore  lead  us  to  suspect  tliat  nothing  takes 
Act  of  reflcc-  place  in  the  ganglion  which  justifies  such  an  expression  as 
Hon.  "act  of  reflexion"  or  "reflex  action,*^  terma  which  convey  aii 

idea  that  the  influence  which  passes  in  the  two  branches  of  the  nerve 
arc  ia  different,  the  difTerence  having  been  established  or  brought  on  by 
thc  ganglion.  They  confirm  the  opinion  that  thc  gangbou  Itas,  for  one  of 
its  primary  duties,  the  function  of  permitting  an  escape  of  the  influence 
passing  in  the  Interior  of  the  centripetali  fibre  into  new  channels  for  tho 
establishment  of  new  results. 

In  the  simple  automatic  nerve  arc  the  impression  and  the  effect  arc  in- 
111  untaneous  stantancous.  An  uritation  of  the  centrii>eta]i  branch  pro- 
action  of  Che  duces,  without  any  sensible  interval  of  time*  muscular  con- 
»imp  e^rc.  traction  tlirough  thc  action  of  the  centrifugal  branch,  and  that 
contraction  ceases  the  moment  the  impression  is  Over.  But  the  open- 
ReMrvediciion  ing  0^^'  of  tlic  nerve  ares  by  the  introduction  of  a  vesicle 
ufoeliBtedarcs.  permits  &  part  of  the  influence,  whatever  it  may  be,  to  be 
drawn  ofl",  and  this*  now  passing  along  the  commissural  line,  may  be  dis- 
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posed  of  in  two  different  ways :  1st.  The  infiuenee  thus  drawn  off  may 
be  inalantaneouslj  consumed  or  utilized  by  exciting,  through  adjacent 
simple  arc3,  synchronous  movements ;  or,  2d,  It  may  be  held  in  reserve 
for  future  use  by  being  carried  along  the  caramiBsure  to  &  receiving,  or, 
as  I  may  term  it,  registering  gungliom 

This,  theretbre,  introduces  a  more  complex  raecbamBni^  which  may  hf 
designated  as, 

The  registering  nerve  arc^  the  typical  construction  of  which  is  repre- 

PH,j  13a.  sented  in  F'iff.  133.     In  this  we  have  the    ue^riaicriag 

y  ,,      centripetal,  a,  and  centril'ugal  fibre,  e,  an  be-    f"""  *™»' 

\/'^       fore,^  in  connection  with  their  central  vesicle,  v  ;  but, 
J,   y  pfliSsing  from  that  central  vesicle,  a  commissural  fibre, 

f,  offi^rs  a  channel  of  e-scape  of  a  part  of  the  inriuence 
which  ao  reaches  the  registering  ganglion,  r,  and  makes 
a  permanent  impression  upon  it  by  disturbing  its  con- 
B*«i«wriiiff  nen-c  ate.  (Jitiou  pliysically  ot  chcmically ;  and,  since  many  nerv- 
oufl  area  may  be  thus  comniissured  upon  the  same  regiBtering  ganglion,  it 
thus  becomes  for  them  all  a  central  point  of  deposit  and  a  centre  of  com- 
mon action-  And  in  this  manner  not  only  ig  a  temporary  VariaMo  ef^ 
influence  converted  into  a  permanent  impression,  but,  from  f*"'-|^»«"aefroiB 
the  interaction  of  such  impressions  upon  one  another,  new  pre»siun9. 
and  variable  results  arise.  Some  illustrations  were  given  a  few  pages 
back  of  the  development  of  the  variable  from  the  iuvariable  in  tlie  ease 
of  certain  ordinary  physical  phenomena,  and  these  may  be  profitably  re- 
ferred to  again. 

A  modification  of  the  registering  nerve  arc  is  presented  in  J^iff.  134, 
«^  134.     which  exhibits  the  suppression  of  the  centrifugal  j,^    ^^^      . 
branch,  the  whole  influence  received  passing  along  ei^ntrifugai 
the  commissural  line  to  the  registering  ganglion.         ^  ' 
This  condition  of  things  may  occur  when  the  t'entripctai  branch 
at  its  free  extremity  is  involved  in  a  uiecbauism  of  special 
sense,  olfaclive,  ophthalmic,  or  auditory.     No  part  of  the  im- 
pression thus  rcjceived  is  necessarily  expended  at  once;   the 
whole  may  be  thus  retained,  and  utilized  at  a  future  time. 
The  introduction  of  the  registering  ganglion  is  thus  the  in- 
troduction of  the  clement  of  time  in  a  living  met'hanism.     In  the  lower 
fonna  of  arc  an  imprcBsion  is  instantan^usly  expended,  in  this  it  is  pre- 
served- 

The  common  centre  or  register  of  whatever  impressions  have  been  re- 
ceived by  the  special  sense  infitrumcnts,  olfactive,  ophthalmic^  or  auditory, 
as  well  as  impressions  of  a  general  tactile  kind,  is  doubtless 
to  be  properly  regarded  as  the  sensorium.     Though  animals 
constituted  on  this  type  accomplish  many  variable  actions,  that  variabil- 
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ity  1$  caaentiaJly  and  purely  automatic.  As  Buch  may  be  regarded  tbc 
instinctive  acLiona  of  bees,  any  two  of  wliich,  if  placed  under  the  sanif' 
circumstances,  act  witli  utideviating  cerEainty  in  the  same  way.  Tlic 
whole  career  of  life  of  one  of  these  insects  ia  the  whole  career  of  any  oth- 
er. Tliey  build  their  combs  now  in  the  saiMe  way  tliat  they  did  a  thou- 
sand years  ago ;  their  daily  doinga  arc  the  same  as  they  have  ever  been. 
Except  as  regards  a  particular,  hereafter  to  be  pointed  out,  they  may  be 
regarded  as  autoniatona, 

The  introduction  of  a  registering  ganglion  neceaaarily  gives  rise  to  an 
Eflectofibein-  extension  of  the  physical  relations  of  an  antnial  by  connect- 
n^irrrinL'"  "  "^S  ^^^  present  existence  with  antecedent  facts,  for  the  gan- 
gBQgiioD.  glion  at  any  moment  contains  the  relics  of  all  the  impres- 

sions that  have  been  made  on  it  ujj  to  that  time,  and  tliene  exert  their  in- 
fluence on  any  action  it  is  about  to  set  up.  In  virtue  of  them,  the  nerv- 
ous mechanism  has  now  the  power  of  modifying  whatever  impressions 
may  be  made  on  its  centripetal  nenea,  and,  witliin  certain  limits,  of  con- 
verting them  into  different  results.  Vet  still  the  automatic  condition  is 
none  the  leas  distinct,  and  still  the  immediate  source  of  every  action  is  to 
be  found  in  external  iniprcasionB. 

An  increasing  complexity  of  nervous  structure  ia  next  evidenced  by  a 
jsknsorv  anil  divisiou  of  the  registering  ganglion  into  two  portions,  which, 
moioj-  IdIjbs.  ■jyitij  gome  incorrectness,  may  be  designated  sensory  and  mo- 
tor lobes,  a  division  which  is  preparatoiy  to,  and,  indeed^  obviously  con- 
nected with,  tho  introduction  of  a  totally  new  method  of  action  and  source 
of  power. 

In  J^'iff.  135  we  have  an  ideal  sketcii  of  this  new  condition  of  things. 
pta  136.  ^''^  letters  used  in  the  preceding  cases,  in  this  refer  again 
to  the  same  parts.  But  now  it  is  seen  in  addition  that 
the  registering  ganglion  has  assumed  a  biSolwd  aspect, 
£  m,  the  letters  respectively  indicating  it."*  sensory  and  mi>- 
tor  portions,  or,  to  use  the  language  of  human  anatomy,  a 
thalamus  and  corpus  striatum.  From  these  there  branch 
off  commissural  linefl,  radiating  to  a  hemispherical  collec- 
tion of  vesicular  matter,  c  c,  the  representative  of  a  cere- 
brum. 

iaiii-:nii[j*tf.  Assuming  the  registering  ganglion  as  a  centre,  the  aro- 

like  arrangement  on  either  side  of  it  is  symmetrical,  as  is  shown  iujF^. 
Thfl  iftfluen-  135.  And  flincc  it  will  facilitate  our  consideration  to  intro- 
lial  arc.  ^^^q  jj^pp  distinctive  terms,  I  shall  deai^ate  the  external  arc, 
which  is  in  relation  with  the  external  world,  as  the  automatic  arc,  and 
the  inner  one,  which  is  in  relation  with  the  cerebrum,  the  influential  arc. 
Throughout  this  work  I  Imve  constantly  assumed  the  existence  of  an 
intellectual  principle,  spirit,  or  soul,  whose  links  of  connection  with  the 
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external  world  fire  the  sensory  ganglia  and  the  cerebral  Evidenwoftiw 


be  gathered  from  the  anatomical  and  physiological  tacts  just  flt^^ucture. 
presented,  or  whether  we  must  aHsume  it  an  a  postulate,  relying  for  prool 
on  evidences  of  a  totally  different  character  to  those  wliich  are  presentee' 
by  the  science  now  enga^ng  our  attention.  It  is  to  be  greatly  regretted 
that  evidence  drawn  from  structural  arrangement  haa  hitiierto,  by  verj' 
higli  authority,  either  been  totally  cast  aside  or  held  in  very  light  esfeera. 
It  is  still  TOOi'C  deeply  to  be  regretted  that  tliose  who  BhoulJ  have  known 
better  have  concetled  the  argument  that  from  no  consideration  based 
apon  anatomical  or  structural  armngcraent  could  proof  be  obtained  of 
the  existence  of  an  immaterial  principle.  E\'en  by  puch,  the  study  of 
physiology  haa  been  designated  as  leading  to  maferialiBin,  and,  with  an 
injustice  which  ran  not  fee  too  emphatically  reprobated,  the  E^candal  batt 
often  been  quoted,  that  where  tliere  are  three  physicians  there  are  two 
atheists. 

liut  what  if  it  should  turn  out  tliat,  from  the  study  of  the  cereliral 
mechanism,  distinct  proof  can  be  obtaincfl  on  this  point — proof  of  just  afi 
cogent  a  nature  in  support  of  the  doctrine  of  the  exintcnce  of  the  soul 
as  that  which  wc  have  of  the  existence  of  the  cxtcrnfJ  world,  and  of  pre- 
cisely the  same  character!?  \\'itliout,  therefore,  occupying  myself  with 
auch  other  evidence  as  might  Ix;  drawn  troni  theological  or  metaphysical 
sources,  and  which  are  therefor*^  extraneous  to  the  object  of  thirf  work,  1 
shall  proceed  to  point  out  such  considerations  as  naturally  oftcr  tliem- 
fletves  to  our  minds  when  wc  recall  the  general  structure  of  the  nervous 
apparatus.  Eejicating,  therefore-,  such  facts  as  may  be  necesaaiy  for  the 
proper  understanding  of  tliis  inlerosling  argument,  I  present  it  as  follows: 

The  simple  cellated  nervous  arc  consists  essentially  of  these  portions, 
ft  centripetal  fibre,  a  vesicle,  and  a  centrifugal  fibre ;  the  cen-  ^^,0^,41;^ 
tripetal  fibre  may  have  at  its  outward  or  receiving  estrennty  irieclusiiiBra  of 
vesicukr  or  cellulantiatenal.  Thus  constituted,  this  mech-  ■"*'"'**"'■ 
anism  is  ready  to  receive  estemal  impreasiom*,  which,  if  such  language 
may  be  appropriately  used,  are  converted  or  reflected  in  part  by  the  gan- 
glion  into  motions,  and  the  residue  retained.  But  the  arc,  viewed  by  it- 
self, is  a  mere  instnuneut^  ready,  it  is  true,  for  action,  but  possessing  no 
interior  power  of  its  own.  It  is  as  automatic  as  any  mechanical  con- 
trivance in  which,  before  a  given  motion  can  be  made,  a  certain  spring 
must  be  touched. 

The  essential  condition  of  the  activity  of  guch  a  nervous  arc  is  there- 
fore the  presence  and  influence  of  an  external  agent — a  some-  j^^^   .^^ 
thing  which  can  commence  the  primitive  imprcssioTiv  for  with-  exiernai  ngcni 
out  it  the  mechanism  can  display  no  kind  of  result.     More-    *"'"'*'"'• 
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over,  there  must  be  an  adaptfition  "betTveen  the  nature  of  that  agent  and 
the  structure  ihus  brought  in  relation  with  it,  aa  is  strikingly  iJiuatmted 
by  each  of  the  organs  of  sense.  Tlius  the  peripheral  extremities  of  the 
HbriJa  of  the  optic  nerve  are  involved  in  a  eombination  of  a  purely  phys- 
ical kind,  having  relation  to  the  properties  of  light :  the  convex  surlace 
of  the  cornea,  the  uncfjjuicurved  lens,  the  dLapkran;niatic  iris,  the  interior 
investiture  of  black  pignoent,  these  arc  all  atmctures  the  object  of  which- 
we  clearly  understand.  We  know  that  the  rays  of  light  must  undergo 
refraction  at  the  curved  surfaces  upon  which  they  are  incident,  and  de- 
pict the  images  of  cxlemal  forms  on  the  retina  or  black  pigment,  the  iris 
expanding  or  contracting,  as  the  case  may  be,  to  regulate  the  entrance  of 
Adnptniion  b^  the  light.  So  Completely  do  we  admit  this  principle  of  an 
tweeHihcsgeBt  adaptation  of  structure  to  the  nature  of  the  agent  which  is 

una  ine  mech-  i  _  _    _  _  _      o 

nDwm,  to  ect  it  in  activity,  that  in  tliis  particular  instance,  without 

any  hesitation,  we  clasa  the  eye  among  optical  instruments.^  and  include 
its  description  in  our  optical  frcati.=!<?a.  liut  in  the  Banie  manner  that, 
starting  from  the  well-known  pro[M:rtie3  of  light,  we  advance  to  the  ex- 
planation of  the  uses  of  each  of  the  various  parts  of  the  eye,  theie  can  be 
no  doubt  tiiat  the  converse  of  this  method  of  icasoning  would  be  possi- 
ble to  an  intellect  of  sufficient  power,  who,  from  a  full  consideration  of 
the  atmcture  of  the  eye,  might  dctennine  the  propcrtiea  of  light,  guided 
in  doing  thia  by  the  jjrineiple  that  there  must  l>e  an  adaptation  betvfccn 
such  Blructures  and  such  properties ;  and,  in  the  same  manner,  a  man 
deaf  and  dumb,  but  of  an  intellect  of  great  capacity,  might  doubtless, 
from  the  critical  study  of  the  construction  of  the  ear,  determine  the  na- 
ture of  sounds.  Nay,  even  mote,  it  is  not  impossible  that  he  should  be 
able  to  compare  together  the  physical  peculiarity  of  the  movements  which 
constitute  light  or  eound  respectively,  and  to  demonstrate  that  these 
originate  in  normal,  and  those  in  transverse  vibrations. 

So,  therefore?,  these  problems  present  tlicmsclves  under  a  double  aspect 
N'Mtureofin-  aiid  aro  capable  both  of  a  direct  and  an  inverse  solution: 
^nciud  aTob-  ^^^'^^  *^*^  nature  of  light,  to  dclermine  what  must  necessarily 
lemB.  be  the  construction  of  the  organ  of  vision ;  or,  Given  the  con- 

struction of  the  eye,  to  determine  what  is  the  nature  of  light ;  and  the 
same  might  be  said  of  the  organ  of  hearing.  This  inverse  method  of 
treating  natural  agents  is  still  in  its  infancy,  because  of  the  extreme  im- 
perfection of  our  knowledge;  but  doubtlesa  what  hag  been  said  will  re- 
call to  the  mind  of  the  reader  the  parallel  example  which  is  funiislied  by 
astronomy,  and  which,  within  a  few  years  past,  lias  yielded  such  a  splen- 
did result.  The  mass  of  a  planet  being  known,  the  perturbations  whicli 
it  can  cause  in  another  aro  capable  of  direct  computation,  but  it  was  re- 
served for  Leverricr  to  discuss  the  inverse  problem,  and  from  the  per- 
turbations to  find  the  place  of  the  planet.  The  discovery  of  Neptune 
was  the  result. 
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Now  the  problem  we  are  dealing  with  ia  of  this  inverse  kind.  It  may 
be  slated,  Given  the  structure  of  the  cetebnim,  to  deterniine  the  nalurr 

of  the  agent  tliat  Bets  it  in  action.     And  herein  the  fact  which  chiefly 
guides  us  ia  the  absolute  analogy  in  conatruclion  between  the  cleraentarj- 
BtTflngGment  of  the  cerebnini  and  any  otiier  nervous  are.     In  it  we  plainly 
recognize  the  centripetal  and  centrifugal  tibres,  and  their  con-  Eximml  imHu- 
vergence  to  ihc  sensory  gangha,  tlie  corpus  &tiiatum  niid  f„r*^^h^1nJ[^f^ 
optic  tlialanms;  we  notice  the  vesicular  material  at  their  liularc. 
external  periphery  as  presented  in  the  convolutions  of  the  human  brain: 
and  if  in  other  ner\'oua  arcs  the  structure  is  merely  automatic,  and  can 
diaplay  no  phenomena  of  itself,  but  requires  the  influence  of  an  external 
agent — if  tlie  optical  apparatus  be  inert  and  without  value  save  under 
the  influences  of  liglit—if  the  auditory  apparatiia  yields  no  result  save 
under  the  impressions  of  sound — since  there  is  between  tJiesc  fitmcturcsi 
and  the  elementary  structure  of  the  cerebrum  a  perfect  analogy,  we  we 
entitled  to  come  to  the  same  conclusion  In  this  instance  as  in  those,  and, 
aassetliJig  the  absolute  mcrtneii3  of  the  cerebral  structure  in  itself, 
to  impute  the  phenomena  it  displays  to  an  agent  as  perfectly 
external  to  tlie  body  and  as  indejicndcnt  of  it  as  are  light  and  sound, 
and  that  agent  is  tiie  souL 

It  would  not  comjiort  with  the  object  of  this  work  to  pursue  this  ar- 
gument in  its  details*  yet  I  can  not  forbear  obgen"ing  that,  even  so  far  tin 
vre  have  already  advanced,  tlie  point  which,  after  all,  is  of  the  utmost 
importance,  is  completely  attained-  Those  who  have  accused  physiology 
of  tending  toward  materialism  have  never  duly  weighed  t!ic  nccusatinu 
tUcy  make,  and  certainly  iiavc  never  understootl  the  nature  of  the  argu- 
ments it  can  present ;  for  such  as  the  one  here  imperfectly  set  forth,  from 
their  tangible  nature,  will  commend  themselves  to  many  minds  who  do 
not  appreciate  tlie  strength  of  purely  metaphysical  arguments,  and  herein 
they  may  become  subscn'ient  to  the  highest  and  most  enduring  interjists 
of  our  race. 

And  thus  il  may  be  proved  tliat  those  actions  which  wc  term  intellectual 
do  not  spring  from  mere  matter  alone,  nor  are  they  functions  [n,ijj,jc.„j^,n„ 
of  mere  material  combinations;  for  though  it  is  indisputably  and  iinmorinl- 
truc  that  the  mind  seems  to  grow  with  the  bodily  structure,  '  ^  *  e  bou  . 
and  dcclinea  with  it,  exiiibiling  the  full  perfection  of  its  powers  at  the 
period  of  bodily  maturity,  it  may  be  demonstrated  that  all  this  arises 
from  the  increase,  jKirfectioii,  and  diminution  of  the  instmnient  through 
which  it  is  working.  An  accomplished  artisan  can  not  display  his  power 
through  an  imperfect  tool^  nor,  if  the  tool  should  be  broken,  or  become 
useless  through  impainucnt,  is  it  any  proof  that  the  artisan  has  ceased  to 
exist;  and  so,  tEiough  wc  admit  that  there  is  a  correspondence  between 
the  development  of  the  mind  and  the  growth  of  the  body,  we  deny  that 
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it  follows  from  that,  either  that  the  mmd  did  not  pre-exist,  or  that  the 

death  of  the  body  implies  its  aimihilation. 

If  it  fell  within  the  compass  of  our  plan»  we  might  proceed  to  consider 

rt  ,  .  how  lar,  since  the  mind  can  act  mam  external  nature  thtoiieh 

Opinions  n-  ■•  _  ° 

(ppciing  tbe  tiie  intervention  of  the  bodily  mechanism,  the  converse  is 
soIircntcrLiV  poa^'J^le ;  how,  since  the  face  of  tilings  around  us  can  be 
lid  by  diifercnt  changed  by  OUT  voluntary  exertions,  the  intellectual  faculties 
may  be  changed  by  the  action  of  external  nature  through  the 
bodily  mechanism.  And  since  we  have  established  the  existence  of  the 
intellectual  principle  aa  external  to  the  body,  wc  might  proceed^  for  now 
we  are  entitled  so  to  do,  to  reason  respecting  its  nature  from  the  phenom- 
ena it  displays.  I  do  not,  however,  propose  to  enter  on  tho.'ffi  considera- 
tions now,  and  shnll  cloae  these  rcmarfca  witli  a  reference  to  some  doc- 
trines proposed  by  the  most  highly-advanced  and  intellectual  portiona  of 
the  human  family. 

It  is  said  that  tho.  spirit  of  man  is  created  iji  the  image  of  God,  an  ob- 
servation strikingly  illustrated  by  the  tact  that^  as  regards  both,  two  es- 
sentially  different  doctrines  have  been  held — the  panlheiatic,  by  some  of 
the  moat  highly  advanced  of  the  Asiatics,  and  the  anthropomorphic,  by 
the  Europeans.  The  pantheistic  supposes  the  human  soul  to  be  a  part 
of  the  Deity,  and  therefore  devoid  of  form  ;  the  anthropomorphic  as  hav- 
ing the  likeness  of  ttie  body.  The  Asiatics,  then,  regarding  the  Deity  as 
a  principle  diffused  in  and  throughout  nature,  consider  tlie  spirit  of  man 
as  a  part  or  portion  thereof,  and  often  use  such  illustrative  alluaiona  aa 
those  of  a  drop  of  water  in  the  ocean,  a  spark  of  a  nniversal  and  vital 
flame ;  or,  if  they  do  not  accept  this  view  of  a  oneness  in  tiiu  nature  of 
spirit  and  Deity,  they  regard  the  former  as  arising  in  some  manner  from 
the  latter,  Just  as  waves  may  exist  upon  the  pCa;  or  sounds  may  arise  in 
the  air.  They  believe  that  at  death  there  !s,  a^  it  were,  a  reunion  of  the 
part  with  the  whole,  as  every  drop  of  watw  sooner  or  latpr  finds  its  way 
back  to  the  sea,  or  waves  become  quiet  and  di'sap|)car,  or  sdiuids  die  away 
in  the  ain  ■  '. 

But  with  European  nations  there  has  been,  from  their  very  infancy^  a 
tendency  to  the  antiiropomoqihic  conception.  The  barbarians  before  the 
Roman  empire,  in  their  legendary  fables,  accepted  the  idea  of  disembod- 
ied spirits  under  the  shape  of  men,  and  through  the  intervening  ages  4ip 
to  our  own  times,  such  notions,  under  various  forms,  have  been  held. 
The  rural  populations  entertain  an  undoubted  faith  in  fairies  and  ghosts, 
so  that  it  might  be  asserted  that  this  manner  of  viewing  the  thing  is 
almost  natural  to  us.  Wo  instinctively  represent  to  ourselves  in  this 
way  the  immaterial  principle*  and  in  the  case  of  each  individual  expect  a 
correspondence  between  it  and  his  bodily  form.  Whatever  may  be  our 
authority  for  arriving  at  such  a  conclusion,  there  can  be  no  doubt  that  it 
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aa  specializes  and  inteimifies  our  ideas,  and  ia  so  connected  with  many 
of  our  most  liiglilv  cherished  recollect  ion  3,  tEiat,  even  were  the  evidence 
in  its  behalf  tar  weaker  than  it  actually  is^  we  aJiould  look  without  favor 
on  any  attempt  to  invalidate  the  doctrine^  and,  if  (breed  to  do  so,  ahoiild 
abandon  it  with  regret.  The  pantlieiatic  ia  a  grand  but  cold  philosoph- 
ical idea;  the  anthropomorphic  embodies  our  recollections,  and  restores 
to  us  oar  dead.  The  one  is  the  dream  of  the  intellect,  tlie  other  is  the 
hope  of  the  heart. 

We  have  thus  traced  out  the  essential  elements  of  the  nervous  ma- 
chine  in  its  liif^hest  complexity,  and  shown  its  gradual  riae  Imiwrft'ciion 
from  the  purely  automatic  to  the  influential.  We  may  there-  °f  IJ^^'es^l'^."*^' 
fore  comprehend  the  ditficiLlties  under  which  metaphysicians  tious. 
labor,  who  confound  all  these  parts  and  all  tiicse  functions  together,  and 
pass  over  aa  of  no  account  the  guiding  instructions  whicli  are  furnished 
by  the  study  of  structure.  It  is  not  difficult  for  the  pbj'siologist,  en- 
lightened by  the  knowledge  he  poaseaaes,  to  recognize  the  various  points 
at  which  these  philosophers  go  astray — the  point  at  which  their  theories 
ceaae  to  be  representations  of  the  truth.  He  acknowledges  the  e.x:iatence 
of  an  external  nature,  and  equally  the  existence  of  an  immatcnal  spirit* 
and  to  their  action  on  or  relation  to  each  other  he  traces  the  resulting 
phenomena..  He  admits  that,  among  certain  classes  of  life,  every  motion 
and  every  sensation  is  due  to  external  nature  alone,  tut  to  these  purely 
automatic  groups  man  does  not  beloug.  He  repudiates  the  doctrines  of 
the  idealist,  because,  though  they  may  niainlain  themselves  in  the  uncer- 
tainties of  metaphysical  argument,  they  are  dissipated  at  once  in  the  more 
severe  trial  of  anatomical  discussion. 

There  arc  two  fundamental  ideas  eflscntially  attached  to  all  our  per- 
ceptions of  external  things:  they  arc  SPACE  and  TIME,  and  Provisioniiittm 
for  these  an  early  provision  is  made  in  the  nen-ous  median-  fu7I,]"^s*or"™ 
iam,  while  yet  it  ia  in  an  almost  rudimentary  state.  The  Bpnco  and  lime. 
development  of  the  eye  and  the  ear»  as  we  shall  more  particularly  find 
when  we  come  to  tlic  description  of  these  organs,  is  for  this  pni-jioao.  In 
a  philosophical  respect  the  eye  is  the  organ  of  apace,  and  tlie  car  of  lime ; 
the  perceptions  of  which,  by  the  elaborate  mechanism  of  these  structures^ 
become  infinitely  more  preciise  than  would  be  possible  if  the  sense  of 
touch  alone  were  resorted  to.  The  indications  thus  gathered  are  trans- 
mitted by  the  optic  and  auditory  nerves  respectively  to  the  brain. 

In  its  highest  condition  of  development,  the  nervous  mechanism  lias  a 
threefold  operation,  objective,  subjective,  and  iniperBonal.  oijMiivo,  sob- 
Objective  ideas  arise  in  external  facts ;  subjective  in  register-  fn""^"^*^!!- 
cd  impressions ;  the  inipcrson&l,  as,  for  example,  the  abstract  erstions. 
truths  of  geometry,  issue  of  pure  reason,  and  arc  therefore  to  be  attrib- 
uted to  the  essential  nature  of  the  soul.  Of  these  three  elementary  con- 
stituents all  human  knowledge  consists* 
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As  respects  subjective  or  registered  impressions,  a  few  remarks  may 
.      ,  be  here  made.     There  can  not  be  a  doubt  that  the  reeistrv 

niuslratkoaaof  ...  •        i' 

ihe  vestii^a  of   of  impTSSSiona  un'olve.s  an  actual  stnictaral  change  in  lh<' 

imt>resaions.  ganglion,  wliich  is  of  a  i>ernianent  character.  These  changes 
may  be  rudely  and  imperfectly  illustrated  by  experiments,  euch  as  I  pnV 
hsh^d  years  ago,  of  which  the  following  may  be  taken  &s  examples  :  If. 
on  a  cold,  polished  piece  of  metal,  any  object,  as  a  wafer,  is  laid,  and  the 
metal  then  be  breathed  upon,  and,  wilien  the  moisture  has  had  time  to 
disappear,  the  wafer  be  thrown  off,  though  now  uj>on  the  jiolished  surface 
the  most  critical  inspection  can  discover  no  trace  of  any  fonn,  if  wc 
breathe  upon  it  a  spectral  figure  of  the  wafer  comes  into  view,  and  this 
may  be  done  again  and  again.  Naj,  even  more ;  if  the  jKilishcd  metal  be 
carefully  put  aside  whpre  nothing  can  deteriorate  its  surface,  and  be  bo 
kept  for  many  months  (I  have  witnessed  it  even  after  a  year),  on  breath- 
ing again  upon  it*  the  shadowy  fomt  emerges :  or^  if  a  aheet  of  paper  on 
whicli  a  key  or  other  object  is  laid  l>e  carried  for  a  few  moments  info  the 
sunshine,  and  then  instantaneously  viewed  in  the  dark,  the  key  being 
simultaneously  removed,  a  fading  spectre  of  the  key  on  the  paf>er  will  be 
seen  ;  and  if  the  paper  be  put  away  where  nothing  ean  disturb  it,  and 
so  kept  for  many  months,  at  the  end  tliereof,  if  it  be  carried  into  a  dark 
phice  and  laid  on  a  piece  of  hot  metal,  the  a]>ectTe  of  the  licy  will  come 
forth.  In  the  case  of  bodies  more  highly  phosphorescent  than  paper,  the 
spectres  of  many  diflerent  objectfl  which  may  have  been  in  succession 
laid  originally  thereupon  will,  on  warming,  emerge  in  their  proper  order. 
I  introduce  these  illustrations  for  the  puq>03e  of  showing  how  trivia! 
are  the  imprei^sion.'}  which  may  be  thus  registered  and  presen-ed.  In- 
deed, I  believe  that  a  shadow  never  falls  upon  a  wall  without  leaving 
thereupon  its  permanent  trace — a  trace  which  niiglit  be  mide  visible  by 
rt^sorting  to  proper  processes.  AU  kinds  of  photographic  drawing  are  in 
their  degree  examples  of  the  kind.  Of  tlie  moral  conseqtiences  of  such 
facts  it  is  not  my  object  here  to  speak.  The  world  wonld  be  none  the 
worse  if  every  secret  action  might  thufl  be  made  plain.  But  if  on  such 
inorganic  surfaces  impressions  may  in  this  way  be  presen-ed,  liow  much 
more  likely  is  it  that  the  same  thing  occura  in  the  ]mrpo.'<elj-con3tituted 
ganglion  1  Not  that  there  is  any  necessary  coincidence  betwepn  an  ex- 
ternal form  and  its  ganglionic  impression  any  more  than  there  is  be- 
tween the  letters  of  a  message  delivered  in  a  telegraphic  office,  and  the  sig- 
interriretaiion  "^^^  wliich  the  telegraph  gLvcs  to  thc  dif>tant  station,  yet  these 
ofjuchves-  signals  are  easily  retranslated  into  the  original  words — no 
'^"  more  than  there  is  between  thc  letter-s  of  a  printed  page  and 

the  acta  or  scenes  they  njay  chance  to  describe,  but  those  letters  call  np 
with  clearness  in  the  mind  of  the  reader  the  events  and  scenes.  Indeed, 
thc  quickness  with  which  the  mind  interprets  such  traces  or  impressions 
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in  its  TCgialering  gatjglia  is  illustrated  hy  the  rapidity  with  which  we 
gather  the  sense  of  a  printed  page  without  individualizing  each  of  the 
letters  it  contains,  or  as  a  gkillt'iil  accountant  nms  his  ejc  over  a  long 
eoluntn  of  tigiirea,  and  eeema  to  come  by  intuition  at  once  to  tlie  corrccl 
3um.  The  capaliihty  which  wc  thus  poeseaa  of  determining  a  final  per- 
ception or  judgment  of  results,  without  dwelling  on  the  intomicdiHtr 
traces  or  steps,  ia  also  illustmt<'d  by  our  appreciation  of  music  without 
concentrating  our  thoughts  on  tlie  time  and  intensities  of  vibration  or  in- 
terferences of  the  notes,  though  these  mathematical  relations  arc  at  the 
very  bottoni  of  the  harmony;  and  eona]ncnoHsly  does  the  Wwprcme  In- 
telligence, Godj  reach  with  unerring  truth  to  every  final  result  without 
any  necessar)'  concern  in  the  intermediate  steps. 

From  the  preceding  considerations  we  may  infer  tiiat  there  is  a  neces- 
sary limitation  of  tlie  amount  of  impressionfi  capable  of  iKini;  ...  . 
registered  in  the  organism,  and  therefore,  in  this  regard,  all  oriiumMn 
human  knowledge  is  tinitc.      Yet  its  term  ia  much  farther  oft"     "^^  ^  ^' 
than  might  at  first  Higlit  appear,     A  librarj-  of  a  given  sixe  may  only  be 
(ible  to  contain  a  given  niind>cr  of  books  upon  its  shelves,  but  the  aniount 
of  information  it  is  capable  of  containing  may  be  made  to  vary  with  the 
I'OntEensation  and  perspicuity  of  the  Looks. 

In  the  hypotbetictd  language  of  [sbysiology,  the  nervoua  centres  arc- 
spoken  of  as  the  origin  of  tlie  nervous  influence  or  force.  A  Conclusioii  n- 
I'loae  examination  of  the  nhenomcna  thev  display  leads  ua,  spt-i.tiHit  the 
however,  to  receive  such  an  impression  with  a  eertam  amount  runciion  ot 
iif  limitation.  Most  of  the  ganglia  produce  no  motor  im-  «*"*?''"- 
puUes  except  under  the  action  of  external  impression,  and  under  the  el- 
I'mentary  view  we  liave  Just  presented  regarding  the  function  of  thf 
brain,  the  same  remark  applien  even  to  it,  since  the  immaterial  principle, 
whose  instrument  it  is,  nuiat  be  regarded  as  an  agent  distinct  from  it, 
and  in  that  respect  external.  Indeed,  the  cases  in  which  the  nervouc 
centres  seem  to  display  t]ie  quality  of  spontaneously  originating  force  arc 
ao  few,  and' in  their  nature  so  doubtful,  that  we  arc  almost  entitled  to  dis- 
regard thera.  For  example,  the  ganglia  of  tiie  lieart  are  by  some  sup- 
posed to  cause,  by  their  own  inherent  power,  the  contractions  of  that  or- 
gan, which  in  cold-bioodeil  animals,  long  after  it  has  been  excised,  will 
continue  its  rhythmic  njotions.  But  it  is  far  more  agreeable  to  the  anal- 
tjgiea  of  the  nervous  system  to  regard  these  cjirdtac  ganglia,  not  as  orig- 
inators of  power,  but  aa  merely  depositories,  resen'oirs^  or  magazines  ol' 
it.  There  is  nothing  more  extraordinary  in  their  ability  to  keep  up  the 
motions  of  the  organ  with  which  they  are  connected  than  there  is  in  the 
subsidiar)'  f^pring  of  a  clirononicter,  which  maintains  the  movement  of 
that  instrument  for  the  period  during  which  ihc  action  of  the  nuiinspring 
is  taken  off  while  it  Id  being  wound  up.     Yet  the  mainsjiring.  and  the 
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anbsicliary  spring  too,  derive  their  mechanical  power  originally  froui  the 
force  which  has  wound  up  the  chronometer.  In  this  particular  of  thf 
storing  up  of  power  for  ite  utilization  in  the  time  of  need,  the  whole  gan- 
glionic or  sympatlietic  ejstcm  of  nerves  may  be  taken  as  the  great  ex- 
ample* 

The  conveyance  of  an  impression  througli  the  great  nervous  centres  la 
more  complicated  tlian  it  is  tlu-ough  the  nerve  trunks.  It 
action  of  nerve  may  be  conducted,  if  of  sufficient  intensity,  through  one  gan- 
ceotrcB.  glion  after  another  in  eucceasion.     The  intermedium  through 

which  this  is  done  is  probably  the  nerve-tubes  in  a  majority  of  instances, 
though  perhaps,  in  those  casea  in  which  a  longer  period  of  time  is  occu- 
pied, it  may  be  rather  from  vesicle  to  vesicle  than  through  the  tubes. 
Impressions  may  be  tluis  transferred  from  one  set  of  tubes  to  others,  or 
Coavej-ancc  oi  tlicy  may  be  diffused  from  a  nen*e  centre  to  many  tubes 
IbMBKh™-  around,  and  so  produce  a  ■svider  circle  of  influence.  That 
tres-  fransfer  of  impn^saions  tronn  centripetal  to  centrifugal  fibres 

which  has  been  previously  described  as  reftes  ai^tion,  tliougli  commonly 
involuntary,  may  in  many  instances  be  governed  by  a  direct  exertion  of 
the  will.  Thus  the  respiratory  movements  for  the  introduction  of  air 
may  be  controlled  to  a  certain  extent,  as  in  holding  the  breath,  but  thw 
is  only  during  a  short  time,  for  the  necessity  of  pennitting  the  norniaJ 
action  to  occur  presently  Incomes  insuperable.  Of  reflex  actions,  the 
majority  arc  obviously  for  the  accomplishment  of  some  special  object  so 
long  as  the  system  is  in  health—they  are  means  for  an  end;  but  in  die- 
eased  conditions  they  very  often  occur  in  an  objectleas  or  useless  way. 

In  its  most  perfect  condition,  the  ncr^-oua  system  thus  consists  of  two 
(4»iureof  mi-ii-  sciparatc  luechanisma,  the  automatic  and  the  influential,  and 
[a1  emotion!,  tbcsc  are  so  related  that  they  can  mutually  act  on  one  an- 
other. The  will  can  exert  a  control  over  the  fio-talled  reflecting  funo 
tion  of  the  automaric  part,  and  external  injprcs.-siona  which  have  been 
received,  by  that  part  can  exert  a  reaction  upon  the  will.  It  is  in  thi*i 
*vay  that  mental  cmotiona  may  be  explained,  the  power  of  external  influ- 
ences whieii  autagoni^ie  or  even  overcome  the  will. 
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THE  SPINAL  AXia 

PrimStm  Derfbpmatt  of  TUfrvoug  Sffmffta. — Itsjijia!  CwtdUitm  in  iHJfernt  Vrrubrates. 

TV  Spinal  Cord;  itx  Structure, — lin  Membranes. — flu  Tltirbj-onfi  i'airs  of  jVert'M. — Praptr- 

titu  oftAeir  Hoots. — finc:iofu  of  lAe  C<)rd. — Bt^ltx  Dinrmer^.—  Tranamijision  of  {jirii/ituflinai 

and  Trarmrrrae  Iuj!wii<rx.^iirjifS  Aviiiin  o/'  thr.  Cord. — Aaivre  of' Rtjiex  Action. — Mttldr  and 

SfiYfory  Trat:Ui  (>f  iM  Cord. — Sntfjitarg  of  ilH  Funetion*. 
The  MeduUa  Q6lonyatu .-  if*  StrwJure  itml  Funetuma. 
'Che  Pona  V'tn'ofii,-  il"  StnHrtnre  arifi  Fvaefiotis. 
Dr.  CiiFjKnter''g  I  V«-«  of'  lite  Anahijy  bviwofM  the  Spinal  Cord  of  V«rUibraUM  and  (Aa  VeHUvi 

Card  of  ArtiaduteM. 

We  now  commence  a  more  detaileil  esttmination  of  the  nervous  sye- 
tem,,  presenting  a  description  of  ita  atnicture  as  far  as  may  Suii.!ivi-iion? 
be  necc39£i.iy  for  the  understanding  of  its  functions.  We  °^  '^^  subjett, 
shall  follow  the  usual  division  of  thia  eubject  as  adopted  by  authors. 
Tliift  will  therctbre  lead  us  to  sjKak  in  succession  of  the  spinal  cord  and 
medulla  oblongata,  of  the  genflory  ganglia^  of  the  eerebelluni  and  ccrv- 
bmrn,  of  the  nerves  generally,  and,  lastly,  of  (he  sympathetic;  system. 

The  important  position  occupied  by  tlic  nervous  uipchaiusin  in  the  an- 
imal body  will  always  draw  to  it  tiie  closest  attention  of  the  physiol- 
ogist, aud  yet  it  must  be  admitted  that  hitlicrto  it  is  the  least  ad- 
vanced portion  of  the  science.  If  metaphyfiicians  are  to  be  blamed  for 
casting  away  the  advantages  which  arise  from  a  study  of  Advantiif^stip. 
structure,  the  earlier  physiologista  were  almost  equally  in  [,a™tiv'"phv"!- 
error  in  confining  thcmaelvf;^  to  human  anatomy  alone,  ^lifc?- 
They  did  thi-^  under  an  impression  that  there  is  an  essential  and  intrinsic- 
•liflTerence  between  the  functions  of  this  system  in  man  and  in  the  lower 
animals. 

There  is  an  analogy  of  construction  in  all  the  forma  of  nervous  system 
preBcnted  by  the  diflerent  aninial  tribes,  which,  in  tbe  infancy  of  the  sci- 
encea  of  organization,  was  attributed  to  a  unity  of  design  pcrvadinjg- the 
plan  of  Nature,  but  which,  when  seen  from  a  iiighcr  and  more  philosoph- 
ical point  of  view,  is  plainly  the  necessary  result  of  a  universal  and  un- 
varying law  of  development.  This  conclu.-iion,  which,  when  better  un- 
deretood,  is  doubtless  destined  to  become  one  of  the  most  important  aug- 
gcBtions  ever  furnisheti  by  science  respecting  the  management  of  the 
world,  is  strikingly  enforced  by  the  analogica  lietween  the   ...  ,^ 

successive  transitory  stages  of  development  of  this  system  rU-ed  from  dc- 
at  different  epochs  in  tlie  life  of  man,  and  the  permanent  ^^^^P""'"'- 
form  it  assumes  in  memberg  of  the  entire  animal  series.     Since  tlierc  can 
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be  no  doubt  that  every  animal  fiinction,  from  the  automatic  motions  of 
the  obscurest  Hvniig  form  up  to  processes  of  intello'etion  of  man,  depenrl 
ujjon  thi.'*  structure  as  on  an  instrument,  we  may,  by  a  due  conipariaon  oi 
the  liabtts,  instincts,  or  other  phenoinena  in  such  cases  with  the  existing 
'lervous  development,  arrive  at  true  concbisions  of  the  connection  between 
its  structure  and  its  functions.  We  shall  therefore  indicate,  in  a  general 
manner,  the  order  of  development  of  this  Bystctn  in  man,  and  theji  its 
jiermanent  stages  in  the  animal  fictrics. 

The  nervous  system  first  makes  its  appearance  in  the  serous  lamina 
ronrse  ofcic-  of  thc  gcmiitial  membrane  and  in  the  midst  of  the  |jellucid 
vi.']o3>iiientof  ^^^.^.^  gg  ||jg  primitive  trace,  a  delicate  and  pale-whifc  line  ris- 
0119  ftjatem.  ijig  soHicwhttt  above  thc  general  surface  of  the  germinal  area, 
Thi.s  line  soon  presents  a  conical  a&pct;  the  thicker  portion  is  destined 
to  Iwconic  thc  head  of  the  embryo.  After  a  Hhort  internal,  the  membrane 
is  gathered  into  a  fold  on  each  side  of  the  primitive  trace,  and  thest^  folds, 
advancing  toward  cacli  other,  eonstitult:  the  dorsal  laminte,  which,  when 
their  edges  have  met  and  coalesced,  form  a  tubular  cavJt^" — ^a  nidimentai^- 
preparation  for  the  vertebral  column.  Beneath  the  tube  so  arising  may 
be  diseorered,  at  this  star^'e,a  line  of  nucleated  cells — the  chorda  dorsalig. 
Ae  the  edges  of  the  duraal  lamuKC  approach  each  other,  they  assume  a  wavy 
fbrm^  and  simultaneously  a  bonding  forward  or  curvature  of  the  embryo 
occurs,  so  that  thc  vertebral  tube  bccomeH  arched.  In  the  middle  wavj- 
[lortiou  are  now  to  be  seen  rectangulai'  plates^  the  elemcnta  of  the  future 
vertebra'.  Thc  coalescence  of  the  middle  part  of  the  dorsal  laminae 
take:^  jilitce  first,  the  ends  a3  yet  diverging  in  the  ]>ortiona  which  corre- 
spond re^spectively  to  the  head  and  the  sacrum.  Tlie  spinal  marrow  and 
the  brain  tlius  arise  at  thc  pvimitivc  trace,  the  brain  being  a  superjiosed 
<tT  additional  structure  to  the  spinal  marrow  ;  for  now  the  wavy  edj^s  of 
tiie  anterior  extremity  are  gradually  seen  to  give  origin  to  three  ceJls  by 
llicir  juxtaposition  :  1st.  Thc  cpcnccplialon,  a  swingle  cell,  to  produce  the 
medulla  oblongata :  its  cavity  is  to  be  thc  fourth  ventricle ;  2d.  The  mes- 
■  encephalon,  also  a  single  cell,  for  thc  corpora  quadrigemina :  its  cavity 
is  to  be  the  ventricle  of  Sylvius ;  3d.  TJie  dcutcncephaloD,  a  single  cell, 
for  the  optic  tliahami :  its  cavity  is  to  be  the  third  ventricle.  Tliough  at 
^irat  transparent  and  fluid,  the  nervous  matter  becomes  by  degrees  more 
"consistent  and  covered  over  with  a  thin  layer  of  membrane,  the  indica- 
tion of  its  future  investitures*  The  rudiment  of  an  eye,  under  the  form 
iifa  protrusion,  now  appears  from  the  most  anterior  ccl] :  and  in  like 
manner  the  auditory  apparatus  emerges  from  the  cell  of  thc  medulla  ob- 
longata^ from  thc  anterior  part  of  wliich,  by  the  coalescence  of  a  pair  of 
fasciculi  which  lia^c  arisen,  the  cerebellum  begins  to  form.  At  this  ji^eri- 
od,  tlu'OUgh  the  continued  cuir'ature  of  the  embryo,  the  cell  of  the  coi- 
jMsra  quadrigemina  has  become  most  anterior. 
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The  origin  of  the  spinal  cord  and  brain  is  illustrnted  In  the  annexed 
figures  from  BigchoH*.     Fi^.  136  showe  upon  a  dark  ground  ^  .  .     .  . 
a  portion  of  the  germinal  membrane,  in  tlie  inidal  ot'ft'Siicb  is  spmalrarrianii 
the  area  pcllucida  and  primitive  trju'c  :  rt,  the  area  pcllticida; 
bt  the  dorsal  laminte ;  c,  the  primitive  trace. 


tile  brain. 


/■V.J.  \TA. 


Fiiy.  inr, 


Vha  primlrlTti!  ln.<K.  ia«|fniflv'l  ^f  dimurUrs, 


Origin  '•(  Iliu  IjIXiu  \iyu  tli-'  rpinuJ  irrnil,  ninpilliiil 


Fiff.  137,  the  pame  at  a  later  3tag<?,  ]»rcparation  for  (]ic  brain  being 
made.  The  dorsal  Ltmina'  aro  approaching  mch  otlitsr,  particularly  tt>- 
ward  tlie  middle:  a,  the  dilated  up^icr  cxtreniit_j*  or  cephalic  end,  tlu- 
three  cells  ajipcaring :  tlip  cpcnccphnlon,  mesencephalon,  and  deutencepli- 
alon  ;  b,  chorda  dort>alis  alonfc  the  bottom  of  tlio  groove ;  f,  rudiracnta  of 
vertebra? ;  (/,  lancet-shaped  dilatation.  In  bolli  Jigiircs  the  [>ale  bordere 
along  the  primitive  trace  arc  pellucid  nerve  snbstnncc* 

The  dorsal  cord,  whiL'h  ia  only  a  transitory  stmcture,  now  disappears, 
the  apiiLal  marrow  commencing  to  exhibit  a  division  into  tour  strandfl. 
right  and  left,  upper  and  under.  The  medulla  oblongata  flattctib  next 
in  its  upper  part,  its  fasciculi  parting  from  each  otiier;  the  inter^iU  so 
ariaing  between  them  is  to  be  the  fourth  ventricle.  Tlie  hemiaphcrcp 
now  ap[>ear  as  a  double  cclK  the  prose  noepl  la  Ion,  and  as  devclopnicnt  goe^ 
on,  they  soon  exceed  the  coriiora  qnadrigcmina  in  size,  and,  as  they  ad- 
vance, force  these  bodies  backward  and  under  thcin. 

From  tbia  it  appears  that  (he  t^-pe  of  eonstniction  of  the  nervous  sys- 
tem is,  that  upon  the  mdimcntary  spinal  marrow  a  series  of  vesicles  is 
developed.  They  constitute  eventually  the  medulla  oblongata,  the  cer- 
ebellum, the  corpora  quadrigcmhia,  the  thnhmu  optici,  the  corpora  striata, 
the  olfactive  ganglia,  and  in  front  of  all,  but  destined  to  cover  tlic  anterior 
portions  over,  the  hemispheres. 

Tiuming  now  to  the  animal  scriea,  we  find  in  the  lowest  members  of 
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the  vcrtebrata,  aa  in  tlie  amphioxua,  the  spinal  cord,  medulla 
nenouasjatem  oblongata,  and  the  elementary  represenlntives  of  the  scnsoiy 
111  vbru-lrates.  gj^jig^i^  alonc,  and  as,  in  eucceasioii,  we  pass  to  the  higher 
ones,  we  recognize  a  ccrebellam  appearing  over  the  medulla  oblongata, 
and  cerebral  heniiapherea  over  the  sensory  ganglia.  These  organs  m 
the  upward  career  become  more  and  more  developed,  the  hemispheres,  for 
example^  soon  equaling  in  size  the  quadrigcmina*  and  tlicn  greatly  sur- 
passing them,  and  wifii  this  increase  of  siito  a  higher  grade  of  intelligence 
13  reached.  In  fishes  there  are  four  ganglia,  corresponding  respectively 
to  the  cerebellum,  qiuidrigennina,  cerebral  hemispheres,  and  olfactive  gan- 
glia. In  reptiles  the  number  of  ganglia  and  their  order  of  occurrence  is 
the  same,  but  the  cerebral  hemispberes  have  now  greatly  increased,  an. 
increase  which  is  even  Letter  marked  in  birds^  for  in  tliem  the  heni' 
iripheres  have  expanded  in  front  bo  as  to  cover  the  olliictivc  ganglia,  and 
posteriorly  the  optic,  a  condition  of  things  analogous  lo  that  presented 
by  the  human  brain  at  about  the  cIobg  of  the  third  month  of  fietal  life, 
und  approaehing  that  permanently  exhibited  by  the  lower  mammaL?,  as, 
fmr  instance,  the  marsupials.  It  ifl  to  be  understood  that  what  is  here 
spoken  of  as  the  lieniispheres  answers  in  reality  onlyto  tlie  anterior  lobe 
of  the  cerebnun  of  man;  and  as  in  hiin, during  thefoiirtli  and  fifth  months, 
the  middle  lobes  are  developed  in  the  upward  and  backward  direction 
t'rom  the  anterior,  and  still  later  the  posterior  lobes  from  the  posterior  of 
lEiuse,  the  same  coursc^is  followed  m  the  animal  aeries,  the  tiital  typeoi' 
development,  the  trilobed  cerebrum,  being  only  reached  by  the  highest 
■  ■aniivora  and  quatlrumanons  animals. 

Commencing  now  n^ore  jjarticularly  with  human  nervous  anatomy — 

STRUCTLTRE  OF  THE  SPINAL  CORD. 

The  spinal  cord  is  placed  in  the  midst  of  the  vertebral  canal.  In  fonn 
iJnscripiion  or  it  i«  cylindroid,  its  section  being  elliptical,  the  lateral  diauie- 
ih*,Bi.iDffllmrd.  tgj.  being  ti^e  long  one.  Longitudhially  it  shows  two  en- 
largements, one  about  its  upper  third,  the  other  toward  its  termination. 
Exteriorly  it  is  white,  but  its  section  shows  a  gray  eubstunce,  arranged 
in  the  form  of  two  crescents  connected  by  an  isthmus-  Above,  it  is  con- 
tinuous with  the  brain,  whiclu  indeed,  is  a  development  upon  it,  and  be- 
low it  itonnhiates  at  the  cauda  equina.  Its  relative  length  is  much  greats 
er  in  fa-tal  life,  at  the  third  month  of  which  it  extends  into  the  sacrum. 
In  adult  life  it  only  occupies  about  the  upper  two  thirds  of  the  verte-' 
liral  canal;  it  is  generally  stated  that  ita  termination  ia  aLout  the  first 
or  second  lumbar  vertebra.  Moreover,  it  does  not  fill  the  vertebral  ca- 
nal, being,  by  reason  of  the  transverse  dimensions  of  tliat  cavity,  rather 
suspended  in  than  confined  by  it.  The  rest  of  the  epaco,  amount- 
ing to  about  one  third,  is  occupied  by  the  roots  of  the  nenesj  hga- 
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ments,  the  investitures  of  the  cord,  blood-veBselB,  and  a 
liquid, 

I''i*j.  138,  A,  A,  hIiows  the  front  view  of  the  fipinal 
cord»  with  the  medulla  oblongata;  B^  B,  the  posterior 
view ;  and  C,  C,  the  decussation  of  its  strands*  firoiii 
whicli  it  appears  t!iat  the  organ  is  cotiipoaGcl  of  two  equi- 
lateral jwrtjona.  They  are  united  by  an  interior  com" 
mismLrCf  but  separated  in  front  by  the  anterior,  and  be- 
hind by  the  posterior  fieaure.  Of  these  the  [Ktsterii^r 
(1,381110  is  tlie  deeper,  the  anterior  being  wider.  Bestdi  a 
these  regional  divisions,  the  cord  also  preacnts  longi- 
tudinal furrows,  two  for  eacii  side,  dividiijg  it  into  tlic 
anterior,  the  middle  or  lateral,  and  posterior  columns  or 
tracts,  as  shown  in  the  6gurea. 

With  respect  to  tlie  interior  constitution  of  tlic  cord, 
it  has  already  been  stated  that  it  is  composed  exteriorly 
of  white,  and  interiorly  of  gray  materiah     The  relative 
quantities  of  these,  and  the  particular  fonn  and  disttibu- 
tion  of  the  gray  suhatance,  may,  perhaps,  he  best  understood  from  the 

HEctiona  given  in  J^ig.  ISi), 
from  one  to  nineteent  I  wJiow- 
ing  a  transverse  section  as 
high  as  the  cerebral  pedun- 
cles;  2,  tJirough  the  medulla 
oblongata;  and  the  remaining 
figures,  to  19,  at  lower  and 
lower  points. 

In  the  first  of  these  sec- 
tioiis,  1  is  the  interpeduncu- 
lar apace  ;  2,  2,  inferior  tract ; 
SJ,  ;J,  middle  tract ;  4,  4,  locus 
niger;  5+5,  superior  tract ;  G. 
section  of  the  aqucduet  of 
Sylvius:  7,  7,  section  of  the 
superior  peduncles  of  the  eer- 
ebellum ;  b,  S,  section  of  the 
two  lubercula  quadrigcmina. 
In  the  second  scclion:  1, 1, 
the  pyramidal  bodies ;  2^  2, 
olivary  bodies ;  3,  3,  resti- 
form;  4,  4,  section  of  middle  strands;  5,  floor  of  fourth  ventride. 

In  the  fourth  of  these  sections :   1,  the  right  half  of  the  cord ;  2,  left 
half;  3,  anterior  median  fissure ;  4,  posterior  median  fissure ;  5,  5,  pos- 


m 


11 


]4 


]£ 


^    m  m 

Cfovi..<'i.b  Hi'  tliB  HjiLiu.1  nonl. 


lU 


10 

IS 


396 


STHUCTUKE   OP   THE   SPrSAL  CORD. 


teiior  fuiTOirs :  6^  white  or  anterior  commissure ;  7,  gray  or  posterior 
isommisHUre  ;  8,  anterior  liorn  of  riglit  crescent ;  9,  posterior  horn  of  dit- 
to :  it  13  prolonged  to  the  posterior  fin-roT\* ;  10,  antero-laleial  columns : 
n,  11,  posteriior  columns:  tliGsc  are  all  ot"  white  tubular  substance.  The 
ajTiimetrical  reference  iiumbera  on  one  side  are  omitted  lor  the  eake  of 
clearness. 

The  spinal  cord  i«  piirromulcd  In'  tlirec  membranes,  continuous  with 
Mem(>nitiicB  uC  thoss  of  the  iT.iiiiuin  :  the  dura  mater,  tlie  arachnoid,  and  the 
tUBipmii!i--ord.  pja,  mater.  The  latter  embraces  the  cord  so  closely  as  to  ex- 
ert  a  compression  upon  it,  Tliis  is  shown  on  slightly  wounding;  it,  when 
the  wliite  substance  protrudes  through  the  oriJiee.  f'"-  '*' 

^ig.  140;  1,  -Spinal  dura  mater  laid  open,  and  drawn 
aside;  2,  2,  shrallia  formed  bv  ihis  membrane  round 
the  roots  ami  spinal  ganglia;  i\,  epinal  arachnoid; 
4,  4,  slicatbs  formed  by  the  arachnoid  around  the 
roots  of  the  nerves  Jind  dcnlatrd  ligament;  I'j,  5,  points 
uf  commnuication  ot"  tiic  visceral  layer  of  the  arach- 
noidj  with  its  parietal  layer:  6.  pia  mater;  7,  denta- 
tcd  ligament  separatiui^  the  anterior  roots  from  the 
posterior  roots  of  the  spinal  nerves,  and  serving  aa  a 
communication  between  the  dura  mater  and  pia  mater. 

From  the  spinal  cord  there  arifje  lliirty-oiie  pains 
The  spmal  '^^'  nerves,  caeh  nerve  having  two  roots,  an 
iiurvcs.       anterior  or  motor,  and  a  jjosterior  or  sensory. 

The  anterior  roots  issue  fmm  the  anterior  furrow, 
Knots  of  the  t^c  posterior  from  the  posterior  furrow, 
liinQL  ntn-GK  where  the  gray  substance  emerges.  Of 
the  two  tlie  latter  are  the  larger,  and  have  more  radicles.  Tiiev  also 
have,  in  the  intervertebral  t'orauicn,  a  ganglion.  Beyond  the  ganglion  the 
two  roofs  coalesce,  and  the  resulting  nerve  trunk*  par^sing  through  the 
iuter\*ertebral  foramen,  divides  into  an  anterior  and  posterior  branch,  for 
the  anterior  and  posterior  portions  of  the  bndy.  To  this  general  deserip- 
tioti  there  are,  however,  some  exceptions.  Thus  the  posterior  root  of  the 
Hrst  cervical  ner^'e  is  smaller  than  tlic  anterior,  and  very  often  it  has  no 
ganglion.  The  spinal  nerves  are  ennmerated  as  eight  cervical,  twelve 
dorsal,  Hvc  lumbar,  and  six  saeral  pairs.  The  cervical  pass  off  to  their 
distribution  transversely,  the  dorsal  obliquely,  and  the  lumbar  and  sacral 
vertically.      The  latter  constitute  the  cauda  equina. 

Ftff.  141  illustrates  the  origin  of  the  anterior  roots  of  the  spinal 
nerves-  1,  pons  varolii;  2,  large  and  small  root  of  the  fifth  pair;  3, 
.''LSth  pair ;  4,  facial  nerve ;  5,  auditory  nerve ;  6,  intennedian  nerve : 
7,  glosso-phnrj'ngeal ;  8,  pneumogastric ;  9^  spinal  ncceseory ;  lOj  hypo- 
glossal. 
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Pi,}.  142. 


Fin-u-i.  From  11  to  11,  the  eight  nnterior  roots  of  the  c^vical 

nerves;  from  12  downward,  the  same  roofs  of  the  dorsaJ 
nerves :  those  of  the  Iuml;>ar  and  sacral  are  not  shown  in 
the  figure.  As  at  15,  arc  shown  the  anterior  branches?  of 
the  HpinnI  neiTes ;  as  nt  IG,  theii  poaterior  branches;  at 
17,  i^pinal  ganglia  formed  on  the  posterior  roots ;  IS,  ante- 
rior roots  cut ;  19,  aniprior  root,'*  cut  beyond  the  ganglion  ; 
20,  dentated  ligament,  separating;  anterior  froiti  posterior 
roots;  21,  insertion  of  tliis  ligament  on  dura  mater  hy  itK 
dentated  edge ;  22,  insertion  of  same  ligament  on  the  pia 
mater, 

J' iff.  142  illusl  rates  the  origin  of  the  posterior  roots  of 
the  spinal  nerves,      1,  tubercida  qiindrigcniina ;   2,  trian- 
gular band;    3,  3,  superior  pedunciea  of  the  cerebellum: 
4,  4,  middle  pcdnnclea  of  cerebellum ;  5,  6.  inferior  pedun- 
cles of  cerebellum  ;  0,  anterior  wall  L>f  fourth  vpiitridc;  7, 
g]o^ao-pharJ^lgcal ;  8,  pncumogastric ;  U,  spinal  accessory; 
from  10  to  lO,  posterior  roots  of  eight  cervical  pairs:  the 
dorsal,  the  lumbar,  and  the  sacral  below  11  arc  not  jihown 
in  the  figure.     From  14  downward,  a  dotted  line  arismg 
from  the  tearing  away  of  the  posterior  roots;   15,  15,  an- 
terior rt>otB  of  Hpinal  nerves,  the  dentated  ligament  ]>eing 
visible  llirouj^li  the  removal  of  the  posterior  roots  ;   lit,  spi- 
nal ^ijglia,  of  wliich  there:  arc  thirty  pairs,  the  Hrst  pait 
of  nerves  not  being  furni-shed  with  them ;   17,  17,  anterior 
branches  of  spinal  nerves;    18,  18,  posterior  brnnchea; 
I'J,  19,  dentated  liganieiit,  placed  between  the  posterior 
and  anterior  roots  ;  20,  same  ligament  brought  into  view. 

Fif/.  143  shows  a  portion  of  the  spinal  cord      Fig.u^ 
surrounded  by  its  envelopes,  and  aaen  in  pro- 
oriKir-fT'^wrior  iilci  so  39  to  displfly  at  ouce  the  origin  of  tho 
nwtiofnprret.     gfiterigr  and  posterior  roots,      1,  1,  posterior 
roots  of  spinal  nerves  and  their  ganglia ;  2,  2,  anterior  roofs 
of  the  same  nen'ea  anastomosing  with  the  anterior  portions 
of  these   ganglia!    3,  4,  anterior  and  posterior  roots  cut; 
5,  dentated  ligament;  G,  dura  mater,  preserved  to  show  the 
sheaths  which  jt  forms  around  these  ganglia  and  the  branches 
of  the  spinal  nerves;  7,  vertical  section  of  the  sheath  of  the 
anterior  and  posterinr  roots,  to  show  the  little  lamella  which 
separates  the  one  root  from  the  other ;  8,  8,  intexior  face  of 
the  dura  mater,  which  is  drawn  a&ide  to  show  the  smooth  ^i!^^^^^^^^ 
aspect  which  it  possesses,  owing  to  the  parietal  layer  of  the  '''"■'''^''' 
arachnoid  w!uch  covers  it. 
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Tlic  white  or  fibrous  portion  of  the  spinal  cord  ia  composed  iii  part  of 
the  spinal  nerve  fibres  and  ui  part  of  conmiissural  ones.  At  one  time  it 
was  supposed  that  every  one  of  the  preceding  continued  unioterruptedh' 
to  the  brrtin.  On  tbis  point,  bowevert  the  weight  of  evidence  will  lead 
113  to  itiifer  that  the  vertical  distance  through  ivhioli  thnse  fibres  pass  i« 
not  very  great,  and  tbiit  thev  are  soon  brought  in  connection  witli  the 
interior  vesicidar  substance.  If  all  the  tibrcs  passed  uninterruptedly  to 
the  brain,  we  should  expect  that  the  cord  would  increase  in  tluckuesa  by  a 
regular  progression  upward ;  but  this,  ag  is  shown  in  Fuj.  13J^,  ia  not  the. 
case.  Its  cnlargctnentfl  coTres>pond  to  the  number  of  nerve  roota  given 
off  from  the  loL'alities  in  whicli  they  occur.  Thus,  ivhere  many  nen^c 
roota  are  required  for  the  up(ier  extremities,  and  again  for  the  lower  ones, 
we  notice  such  corresponding  enlargements.  The  experiiinents  of  Volk- 
inann  show  that  tliese  dilatations  are  as  much  owing  to  an  increase  of 
the  vesicular  materiivl  &&  to  an  increased  number  of  fibres.  In  the  view 
presented  in  tlie  preceding  chapter  respecting  ncrve-arc3  and  the  fiuictions 
of  ntrve-cella*  we  sliould  be  led  to  infer  tlint  every  centrilugid  and  cen- 
tripetal fibre  of  the  cord  ia  brouglit  in  connection  with  8ueh  a  cell  of  the 
gray  materia),  and  that  it  does  not  extend  very  for  from  its  point  of  exit 
or  entrance. 

Function?'  of  the  Spinal  Cokd. — The  determination  of  the  ftinc- 
FunL-tionsof  tions  of  the  roots  of  the  spinal  nerves  by  Bell  has  already 
thcspiaaicord.  Xy^^xi  rcfcfrcd  to  as  oue  of  the  great  discovcriea  of  physiol- 
ogy, and  as  furnishing  a  solid  foundation  for  an  exact  knowledge  of  the 
functions  of  the  nervous  system*  The  e^vidence  of  the  trutls  of  tlic  doc- 
trine that  the  anterior  roots  of  tlicso  nerves  arc  motor  and  the  posterior 
Bell's  (lis-  sensory,  is  complete.  Tims,  if  the  anterior  root  of  one  of  these 
covery.  nervew  be  divided,  all  those  parts  udiich  are  supplied  by  that 
nerve  will  exhibit  loss  of  motion,  though  their  aeiLsation  is  unimpaired  ; 
if  the  posterior  root  be  divided,  the  sensibility  of  the  parts  \h  lost,  though 
the  power  of  motion  is  unatlected.  Similar  evidence  may  also  Ijo  ob- 
tained by  irritating  the  ends  of  the  divided  roota,  muscular  motion  or 
pain,  as  the  case  may  lie,  being  correspondinglv  observed. 

The  spinal  cord  transmits  impressions  from  the  peripliery  to  the  brain, 
.  .,  ,.  ,  and  conversely  enables  the  brain  to  brine  into  action  the 
transmiaBion  of  motor  oervcs-  Divisiou  of  it  at  once  causes  an  interruption 
1  uwces.  p^  voluntary  motion  and  E^nsation  in  those  parta  supplied 
by  nerves  below  the  place  of  the  operation,  the  functions  of  the  parts 
above  remaining  unimpaired.  But,  tboiigb  the  inHuence  of  tlie  brain  in 
exciting  voluntary  motion,  and  its  capabUity  of  receiving  sensations,  is 
thus  cut  off,  the  severed  portion  of  ijie  oord  still  poaseaaea  an  automatic 
power, 

This  transmission  of  influences  upward  or  doiy^nward  is  doubtless,  to 
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a  considerable  degree,  accomplished  tbrouglt  tlie  veeicular  substance,  the 
qoality  ol'  whJdit  in  this  Fsspect^  lias  been  explained  in  the  preceding 
(Jiaptcr.  But,  besides  this,  the  exterior  fibrous  8tructure&  possess  a  like 
I'lUiction,  corretjpondidgly  as  they  are  connected  with  the  uiutor  or  sen- 
sory roots  of  the  nerves,  the  anterior  columiis  being  motor^  and  the  pos- 
terior apparently  sensory. 

The  spinal  cord  not  only  permits  the  passage,  of  influences  in  itb  longi- 
tudinal, but  also  in  its  tran8^■erae  direction.  Thia  is  what  ™ 
might  be  anticipated  troni  the  structure  and  functions  of  the  emnsmisatetiof 
cella  ofits  gray  interior.  If  the  cord  be  cut  hall"  through  in  '"^  """^os- 
t!  given  place,  and  again  be  cut  halt"  through  on  the  opposite  side,  at  a 
little  di>*tancc  above  or  below,  impressions  Jiiay  be  conducted  tltrough 
the  intemicdiate  jwrtion,  the  vesicular  material  being  then  their  only 
i^haiinel. 

Ill  (I  nicmoir  on  the  diHtribntion  of  tlie  fibrca  of  the  sensitive  roota,  and 
on  the  transmijision  of  imprcssiona  in  the  spinal  cord,  Ur.  t>  c  . 
Brown- Sequaid,  referring  to  the  two  theories  entertained  at  mi  iha  ct,M\ii:- 
present — 1st.  Tiuit  sensitive  iinpreasions  reaching  the  eord  '"^'^^  imco  . 
pass  in  totality  to  the  bram  along  the  posterior  columns;  2d.  That  such 
impressions  ao  arriving  pass  directly  to  the  central  gray  substance,  whieh 
transmits  them  upward^-ortt-rri  reason!?  for  supposing  that  both  theac 
theoriea,  and  ea^iecially  tlie  first,  arc  conlnidicted  by  facts. 

It  is  his  opinion  that  aensitivc  impressioua  reaeJung  tlie  cord  pass  in 
different  directions,  some  ascending,  others  descending,  hut  both  going  in 
part  by  the  posterior  columns,  and  in  part  by  tiie  posterior  gray  iiorns, 
and  perluipa  by  tho  lateral  columns,  to  penetrate,  after  a  short  distance, 
the  gray  central  Bubatauce  by  which,  or  in  which,  they  are  transmitted 
to  the  brain. 

He  also  shows  that  sensitive  impressions  of  one  lateral  half  of  the 
body  are  trananiitled  ]<rincipal]y  in  a  crossed  manner,  that  is  to  Hay,  that 
they  follow  more  particularly  tlie  opposite  half  of  the  cor<l  to  tcelcIi  the 
brain  i  that  the  decussation  of  the  conducting  elements  for  scnsiiivc  im- 
pressiona  is  not  made,  as  is  commonly  said,  at  the  anterior  extremity  of 
the  pons ;  that  tlic  gray  substance  does  not  possess  tile  property  of 
transmitting  sensitive  iinpressiona  in  every  direction,  as  some  have  sup- 
posed ;  that  moat,  if  not  all  the  conducting  elements  for  sensitive  im- 
presaions  decussate  in  tlie  spinal  cord,  the  decussation  occurring  in  pail 
almost  ituuiediately  on  their  entry  into  the  cord,  but  that  a  few  make 
their  decussation  at  a  certain  distance  above  the  point  of  entry,  the  ma- 
jority, however,  descending  in  the  cord,  and  making  their  decussation 
below  the  point  of  entry  ;  that  if  there  arc  conducting  elements  for  aen- 
aitive  ijnpressions  which  ascend  throughout  the  entire  length  of  the  cord 
to  ntake  their  decussation  in  the  brain,  their  number  moat  be  very  small ; 
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and  that  alterations  capable  of  producing  a  paralysis  of  scnsihility^  an*! 
situSited  upon  any  point  of  a  lateral  half  of  the  cerebro-spmal  axis,  al- 
ways produce  a  paralysis  of  sensibility  on  tite  opposite  half  of  the  body, 
und  that  tiierc  is  no  difference  between  the  brain  and  tte  spinal  marrow 
in  this  respect. 

Thus  constructed^  tlie  spinal  cord,  as  wq  sliall  presently  show  froni 
A  1  -  3th  ^^'  Carpenter,  evidently  agrees  ivilli  the  gsni<^liated  ventral 
ventral  cord  cord  of  the  articulata,  each  portion  of  it  from  whicli  a  pfur  ol' 
a  articu  ta.  ^p^^gg  j^  given  ofF  representing  each  ganglion  of  that  ventral 
cord,  the  difference  in  the  two  stnictiLrcs  Iwiitg,  tJiat  in  the  spinal  col- 
nmn  the  ganglia  are  comniissiircd,  so  as  to  fonn,  in  appearance,  one  con- 
tinuous maad^  and  agreeably  to  this  view  of  its  construction  are  thu 
circumstances  under  ivhich  its  cnlargenientH  occur.  In  those  animal 
forma  in  wliich  the  entire  trunk  is  concerned  in  locomotion,  as  in  snakes 
and  eels,  the  cord  is  nearly  oylindrioal ;  but  as  soon  as  special  members 
for  locomotion  are  developed,  a  corresponding  increase  of  diaraeter  is  ob- 
served. Thus,  in  birds,  the  ganglionic  enlargement  corrcrtpond.-i  with  tlii! 
region  from  wliich  the  nerves  for  the  wings  arc  given  offj  but  in  that  triljc, 
as  in  the  ostrich,  the  mode  of  locomotion  of  which  is  by  the  legs  ratlirr 
than  by  the  wings,  a  corresponding  posterior  enhirgentent  occurs.  Thr 
same  obaetT-'ationa  may  even  be  more  distinctly  made  during  metamorph- 
oses ;  tlms,  in  frogs,  while  they  arc  in  the  tjidpoh;  state  tiic  ^ipinal  cord  i.- 
cylindrical,  but  bulging  ensues  in  it  anteriorly  and  posteriorly  as  soon  a? 
the  anterior  and  posterior  members  are  developed. 

The  translation  of  impressions  which  have  been  broufijht  along  the 
Epflcxnt-iion  Centripetal  fibres  into  motions,  the  exciting  influence  of  which 
uf  the  cord,  {g  conveyed  along  the  centrifugal  fibres,  includes  %viiat  is  un- 
derstood as  the  reflex  action  of  the  spinal  cord  a.s  developed  by  Dr.  HalL 
Its  essential  condition  is  its  independence  of  t]ic  agency  of  the  brain,  and 
therefore  unconacions  nature.  Aa  general  exaniplef!  nmy  be  mentioned 
the  movements  wiiich  occur  in  swallowing;  for  after  the  food  has  been 
carried  by  voluntary  action  into  the.  fauces,  its  passage  onward  to  the 
stomach  la  perfectly  involuntary.  In  like  manner,  the  introduction  of  air 
into  the  lungs  in  ordinary  respiration  is  involuntary ;  for  though  it  may 
be,  to  ft  certain  extent,  under  the  control  of  the  will,  yet  tiiat  extent  is 
limited,  a  necessity  for  the  motion  presently  arif^ing,  which  soon  Iwcomffl 
uncontrollable.  The  action  of  the  valvular  arrangements  at  the  cardiac 
and  pyloric  orifices  of  the  stomach,  and  the  constant  contraction  of  the 
Bphincter  ani^  are  farther  illustrations.  To  these  may  Ije  added  those 
impulsive  movements  which  we  instinctively  make  on  the  approach  of 
danger  or  in  the  act  of  falling,  and  perhaps,  too,  automatic  walking,  a*i 
we  go  from  place  to  place  in  a  state  of  lueutal  abstraction,  paying  no  at- 
tention  to  the  course  we  take. 
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The  ct>54  is  to  ^  regarded  aa  a  longitudinal  aeries  of  simple  auiomatic 
nerve  arcs,  or,  ag  we  have  termed  it,  a  multiple  automatic  AmomfiUc  ac- 
Each  segment  of  it  has  therefore  an  independent  action  tionofthecord. 


arc. 


fSe.\4*. 


of  its  own,  but  can  conspire  with  its  neighbors  or  be  influenced  by  the 

brain,  by  meane  of  its  coniniissural 
fibrc?3,  an  arrangement  of  which  num- 
berle-js  interesting  instances  might  be 
furnished.  The  one  represented  in 
I^iff.  144,  which  is  from  tlit:  cord  of 
Bpirostreptus,  may,  howpvcr,  suffice : 
A,  under  surface  of  a  portion ;  B,  up- 
per Hurlace :  ff,  inferior  longitudinal 
fibres;  <?,  superior  longitudinal  iibrea; 
y,  fibres  of  re-enforcenientt  seen  alao 
at  b  and  c;  g,  comniiaaural  tibre^s,  seen 
also  at  d. 

The  power  which  the  cord  displays 
in  this  simple  notion  ig  most  striking- 
ly seen  when  it  is  cut  off  from  its 
cranial  cuiiupctions.  The  tlecapitated 
frog  propti  himaclf  up  etiffly  on  hi» 
legs,  and,  if  his  cutaneous  surface  be 
portiun  of coni  of ipiBiBiroptuB-  irritiitcd,  exhibits  antagonizing  mo- 

tions ;  such  motions  are  all  of  the  reflex  character,  and  are  commonly 
much  more  slriltingly  seen  in  cold  tlian  in  wami-blooded  animnla ;  bnt 
even  in  man  precisely  the  same  result!?  are  witnessed  during  periods  of 
the  sus|>ension  of  tlic  activity  of  tlie  brain,  as,  when  the  palm  of  the  hand 
of  a  sleeping  cliild  is  touched  with  the  finger,  the  linger  ia  at  once  grasped. 
As  above  stated,  this  reflex  function  ot"  the  conl  in  therefore  independ- 
ent of  the  brain,  though  the  brain  can  control  it,  and  this  ^^^^.^  ^^^^^ 
the  more  perfectly  the  Iiigher  the  organization  of  the  anunal.  iniiepeniietitor 
Breatiiing  can  go  on,  whether  we  pay  attention  to  it  or  not,  '  '^  ^"'^ 
but  we  can  arrest  it  if  we  choose  for  a  tiiae ;  and  since  in  man  this  in- 
troduction of  air  is  incidentally  ^ised  for  very  refined  purposesT  by  volun- 
tary exertion  we  moderate  or  regulate  it,  as  in  the  production  of  musical 
dOlmda  in  singing  or  of  articulate  sounds  in  speecli. 

In  a  generd  way,  there  is  not  much  difficulty  in  distinguishing  be- 
tween simple  actions  of  tiie  cord  and  tliose  in  ivhich  the  brain  Distinc-iion  !«- 
is  participating.     In  the  former,  no  weariness  or  fatigue  is  a™creS 
over  experienced  j  in  the  latter  it  is ;  and  perhapa,  even  in  B^iion. 
these  last,  involving  voluntary  mnscular  action,  though  the  control  is  to 
lie  attributed  to  the  brain,  the  source  of  the  force  ia  in  the  cord. 

The^e  nonnal  phenomena  which  the  cord  displays  become  greatly  ex- 
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Increase  at     flggcrated  ill  Certain  conditional  of  disease,  as,  for  e:^aniplc,  in 

sprnnl  nciion.  ^etanua,  in  which  the  slightegt  peripheral  irritation  may  be 
followed  by  violent  convulsive  movement,  or  the  same  occurs  by  the 
agency  of  powerful  poisonous  substances,  as  strj'chnine.  Li  these  cases 
the  action  maj  be  either  limited  simply  to  the  card,  as  in  the  tetanus 
brought  on  by  opium  in  frogs,  or  the  bruin  may  be  involved  in  it,  as  in 
cases  of  hydrophobia,  in  which  the  sound  or  sight  of  water,  operating 
through  the  cerebrum,  will  produce  spasmodic  convulsions. 

From  the  facta  presented  by  tho  lower  animals,  it  may  be  inferred  that 
the  spinal  cord  does  not  act  as  a  single  organ,  but  rather  should  be  re- 
garded as  a  collection  of  ganglia,  special  duties  being  diaoharged  by  spe- 
cial parts  of  it. 

With  respect  to  the  commiasnral  action  of  the  spinal  cord,  reference  hap 
Cflonection  of  *^^^*^dy  been  made  to  the  stntctural  connection  between  ihi' 
tii«  cord  and  cord  and  the  nerrous  regions  above  it,  and  in  referring  to  thr 
"^^'''  old  anatomical  doctrine  tliat  each  of  the  spinal  nen-es  h  con- 

nected by  continuous  libres  with  the  brain,  due  weight  has  been  given 
to  the  fact  that  the  cord  doea  not  increase  in  thickness  aa  it  approaches 
the  brain,  but  that  its  bulgings  correspond  to  the  regions  iroiii  which  it  is 
necessary  that  an  unusual  supply  of  nerves  shoidd  be  given  olf.  Thr 
force  of  this  argument  is,  however,  considerably  diminished  when  we 
recollect  that  the  nerve-tubes  are  by  no  mejins  of  uniform  diameter,  but 
are  doubly  conical  in  shape.  Even,  theretbre,  with  a  diminished  diame- 
ter of  the  epinal  cord,  there  might  be  an  upward  continuation  of  spinal 
fibres,  the  diameter  of  which  is  becoming  less  and  less ;  and  this  seems 
to  be  rendered  more  likely  from  the  analogy  of  the  structure  of  t!ie  ven- 
tral cord  of  the  articulata,  in  which  fibres  are  sent  to  tlie  cephalic  gan- 
glia lor  the  purpose  of  establishing  a  conmrnnication  between  tlietn  and 
the  roots  of  the  nerves.  But,  however  that  may  Ije,  there  can  be  no 
question  of  the  influence  of  tiie  brniii  over  spinal  action,  and  this,  of  course. 
implies  structural  connection  of  some  kind— an  intercommunication— 
whicEi,  if  it  doca  not  take  place  solely  through  the  white  columns,  must 
take  place  through  the  gray  material.  It  is,  however^  important  to  ob- 
serve that  the  gray  material  haa  no  direct  comnmnication  with  that  of 
the  cerebnmi,  but,  passing  through  the  optic  thalamus,  ends  in  the  cor- 
pus striatum,  extending  therefore  in  one  continued  mass  through  the  cord. 
and  terminating  in  that  ganglionic  organ.  By  one  or  both  of  these  chan- 
ncb,  white  or  gray,  the  impressions  which  arc  made  upon  the  spinal 
sensitive  nerves  are  presented  to  the  brain,  and  in  a  similar  manner  tlif- 
intlucnceB  which  produce  voluntary  motions  are  transmitted  down.     A 

Bection  of  any  nart  of  the  spinal  cord  at  once  incapacitates  thi- 
Effect  of  U-  ■'  '  ,      '  ,  -     ,  ■  ,7     1  ■  1 

RionsoCtbe   Will  from  aclmg  upon  the  parta  beyond,  the  motions  nl  whicii 

"""''  become  therefore  puTely  automatic,  though  the  parts  above  still 
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display  tbeir  customaiy  phenomena.  These  eflFecta  are  Bometinies  in- 
structively witnessed  in  man  when.  leaionia  of  the  cord  }iare  occurred 
through  disease!. 

If  the  view  tlmt  has  teen  presented  respecting  the  continuation  of 

fibres  from  the  cord  to  the  brain  be  correct,  tlieae  fibres  dis-  „  .       , 

Motor  ana  Un- 
charge a  comniis.'^ural  duty.     This  wouUl  leiid  v.s  to  slip-  sory  tracts  m 

pose  that  there  is  a  correspondence  between  the  functions  of  ^  ^"  ' 
the  columns  of  the  cord  and  thoac  of  the  roota  of  the  spinal  nerves,  thi- 
anterior  columns  being  motifcrous,  or  in  unison  with  tlio  motor  root  of 
the  nervejf,  the  posterior  being  eensiferousi,  or  ut  uiiLaoii  with  tlic  BensCir;' 
root  of  the  ncrvea.  Agreeably  to  thia,  if  the  anterior  columns  be  irri- 
tated»  motioos  arc  excited  in  all  those  ptuis  which  are  supphed  with 
nervea  beyond  the  irritated  point;'  and  if  the  jioaterior  eolumna  be  irri- 
tated, in  like  manner  pain  is  experienced.  In  this  infitance,  however^  a 
certain  amount  of  motion  ia  occasionally  observed^  but  this  has  common- 
ly been  explained  by  referring-  it  to  reHcxion  within  the  cord-  It  hap 
also  been  observed,  an  strcn^hening  these  views,  that  if  the  posterior 
columns  be  irritated  after  coniph:tc  section  of  the  cord,  the  result  will  de- 
pend on  whieli  of  the  cut  portiona  be  disturbed ;  if  it  be  the  lower,  there 
will  be  no  effect.  An  examination^  under  the  same  circumstances,  of  the 
anterior  columns,  demonstrates  tliat,  if  the  upjxT  section  be  irritated,  there 
is  no  effect  pnxiuceJ ;  if  the  lower,  there  are  conindaivc  movementB  of 
the  parts  suppUed  with  nerves  beyond. 

From  these  results  we  should  infer  that  the  pEiysioIogical  functions  ot 
the  anterior  and  posterior  roots  of  the  spinal  nerves  are  participated  in 
by  the  anterior  and  posterior  columna  of  the  cord,  and  might  therpfore 
expect  that  those  functions  would  be  continued  in  the  higher  distribiii- 
tion  of  the  cohuuna  above  the  medulla  oblongata. 

From  the  point  of  view  under  which  we  have  thus  presented  it,  the 
action  of  the  spinal  cord  is  therefore  simple,  or  it  is  diaturlj-  cencrAi  furn- 
ed  by  Ihe  agency  of  the  brain ;  in  the  first  case  it  offers  it-  tiona  of  the- 
self  purely  aa  an  automatic  instrument;  in  tlic  latter,  ita  coiii- 
missural  connections  with  the  brain  make  a  compound  apparatus.  The 
lunuer  atate  in  closely  represented  in,  the  construction  of  the  amphio.s.us. 
the  nervous  system  of  which  baa  no  rudiment  of  a  cerebrum  or  cerebel- 
Imd ;  in  thia  animal,  therefore,  since  also  the  sensory  ganglia  are  merely 
in  a  rudimentary  state,  the  mode  of  life  mnat  Iw  purely  mechanical,  jusi 
as  it  ia  with  an  artificial  automaton,  of  which,  when  a  given  spring  is 
touched,  a  given  motion  is  made.  Even  among  the  iiighest  vertebrated 
animals,  man  himself  at  the  periodic  limes  of  quiescence  of  the  cercbniin. 
aa  in  elecp,  when  the  cerebral  influence  over  other  portions  is,  to  a  certain 
extent,  auspende<!,  an  approach  to  a  similar  condition  occurs;  but  in 
periodi)  of  activity  of  the  cerebrum,  it  can  hold  the  spinal  cord  in  check. 
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controUing,  and  in  some  cases  arresting  its  action,  and  tliia  13  clone  througlt 
influences  propagated  along  the  tubular  atructurea  of  the  poaterior  and  an- 
terior colunuis,  wliicli  therefore  are  to  be  regarded,  in  this  respect^  ap 
commi&surea  to  the  brain. 

OF  THE  MEDULLA  OBLONGATA. 

The  medulla  oblongata  13  a  conical  body,  Ij'ing  between  the  spinal  cord 
LimiiB  ofthe  ^^^  *'^®  brain.  It  is  generully  tinderstood  to  ]je  bounded  at 
aitdullaobior-  its  Uppcf  poitioK  hy  the  pOns  varoUi,  but  this  ia  not  a  ttuc 
^^   ■  limits  iStnce  its  structure  extends  through  the  pons  varolii  to 

the  crura  of  the  brain.  There  is  the  same  iiidefiniteness  of  limit  as  re- 
spects its  lower  boundary,  which  is  generally  said  to  be  marked  by  Bomr: 
decussating  libres  which  appear  on  its  tront.  Like  the  spinal  cord,  it 
itftflubdivis-  has  an  anterior  and  posterior  Hesurc,  which  divide  it  into  two 
ionB.  symmetrical  lateral  halves ;  the  former  is  a  continuation  of 

the  anterior  apinal  tissure,  the  Inttor  of  the  posterior,  and  ends  in  the  ca- 
lamus scriptorius  above.  The  lateral  halves  thus  produced  are  marked 
by  three  grooves,  producing  four  eminences,  which  pass  under  the  follow- 
ing names:  Ist.  The  anterior  pyramids;  2d.  The  olivary  bodies;  3d. 
The  restiform  bodies ;  4th.  The  ]>oaterior  pyramida.  The  anterior  fis- 
sure is  crossed  about  an  inch  below  the  pons  varolii  by  decussating  libres, 
and  hence  injuries  on  one  side  of  tlic  brain  produce  nervous  efi'ecta  on  the 
opposite  side  of  the  body. 

First.  The  anterior  pyramids  consist  of  white  fibres  originating  near 
Thu  anitrior  *^c  decussating  fasciculi.  They  have  a  compound  structure, 
pyramids.  fpj.  ga^cli  coutalna  fibres  arising  from  the  iimcr  side  of  the  op- 
posite anterior  column  of  the  cord>  and  also  fibres  from  its  own  side : 
they  pass  through  ihc  pons  varolii  into  the  crus  cerebri.  From  these 
pyramids  euired  hbres  pass  round  the  olivary  body,  and  arc  lost  in  the 
rcstiforiu.     They  are  I'lillcd  arciform  fibres. 

Second.  The  corpora  olivaria  receive  their  name  from  their  olive  shape. 
The  olivaiT  They  are  separated  by  a  groove  from  the  preceding  in  front, 
bodiPfi.  and  by  another  groove  from  the  reatiform  bodies  behind-     Ex- 

ternally, they  are  formed  of  white  tubular  tiBBue,  which  incloses  a  vesic- 
ular mfiss,  the  olivary  ganglion,  which  connects  with  the  vcsicul  r  strnc- 
turc  of  the  pons  above,  and  that  of  the  cord  below*  The  fibres  of  these 
ganglia  are  called  the  olivary  tracts.  They  are  continuous  with  the  cen- 
tra! part  of  the  medulla  oblongata,  passing  behind  the  pyramids,  extend- 
ing upward  along  the  posterior  part  ofthe  crura  cerebri  to  the  optie  thai- 
ami  and  tubercula  qnadrigemina.  The  olivary  bodies  exist  oidy  in  man 
and  the  monkey  tribe. 

Third.  The  restifomi  bodies  are  separated  from  the  olivary  by  n 
groove.     They  are  continuous  with  the  posterior  and  antero-Iateral  col- 


THE    MEDUUJl   oblongata. 


Ffff.  1*6. 


iimna  of  the  cord.     Ascending,  tliey  enter  the  cerebellum,  and  jhc  raatiform 
axe  continuoua  witli  the  inner  part  of  its  cms.     Thcj  tliere-  bodia. 
fore  are  a  tract  of  comnmnication  from  the  spinal  cord  to  the  cerebelluna. 
They  each  inclost:  a  gray  uucleua,  which  ia  the  ganglion  of  the  pneumo- 
gastric  nerves,  and  of  tiome  of  the  roots  of  the  gloaso-pharyngeal. 

Fourth.  The  poatenor  pyramids  are  doubtfully  marked  off  from  the 
restitbrm  bodies  in  front,  and  are  separated  from  each  other  The  posterior 
by  the  posterior  fissure.     Superiorly,  their  fibres  are  contin-  pr"*™'!*- 
uous  with  the  sensory  tract  of  the  crura  cerebri :  their  gray  nuclei  are 
the  ganglia  of  the  auditory  nerves. 

The  structure  of  the  medulla  oblongata  ia  exempli- 
fied in  the  annexed  figures. 

I^iff.  145:  1,  cliiaara  of  the  optic  nerves ;  2,  cms  cere- 
bri; 3t  tuber  cinereuni ;  4,  corjiora  albicantia  ;  5^  locu& 
perforatus ;  G,  pons  varolii:;  7,  pection  of  the  middle 
peduncle  of  cerebellum ;  8,  transverse  fissure,  separa- 
ting the  medulla  from  the  pons ;  9,  first  enlargement 
of  the  cord,,  or  medulla  oblongata;  10,  anterior  pyra- 
mid; 11,  olivary  body;  12,  anterior  portion  of  rest i- 
form  body  ;  13,  neck  of  the  medulla  oblongata  ;  from 
16  dowTiward  ia  the  anterior  median  iissure;  from  17 
dowmvard,  the  anterior  lateral  turroiv. 

J'lff.  14G:  1,  section  of  optic 
tract;  2,  tubercula  quadrigeinina ; 
3,  triangular  band ;  4,  section  of  cms  cercl>clli ;  5, 
medulla  oblongata  *,  ti,  anterior  floor  of  the  fourth  ven- 
tricle ;  7,  median  fiaaure  of  the  fourth  ventricle,  aid- 
ing to  form  the  cal.imus  scriptorius;  8,  maramillary 
BweUing  near  the  nib  of  the  pen ;  9,  posterior  portioij 
of  the  Tcstiform  body;  fi-om  12  down- 
ward, posterior  median  fissure ;  from 
13  downward,  lateral  furrow :  fi,on]  14 
downward,  posterior  tiurrow. 

J^iff.  147:  6,  anterior  column  of  tlie 
cord,  divided  superiorly  into  two  portions,  of  which  the 
most  hitenial  one  contributes  to  the  formation  of  the  cor- 
responding p)Taniid ;  7,  middle  or  lateral  column,  di- 
vided superiorly  into  three  or  four  portions,  decussating 
with  as  many  poiiions  of  the  column  of  the  opposite  aide, 
the  decussation  taking  place  Iiotli  laterally  and  antero- 
posteriorly :  it  is  tlie  origin  of  the  internal  two  thirds 
of  the  pjTamid  ;  8,  S,  p}Tamids  ;  9,  white  fibres  of  the 
pyramid,  traverying  the  pons,  and  continuing  to  the  cms 
U 
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cerebri ;  10,  superficial  eection  of  the  tmns- 
verse  fibrea  of  the  pons ;  1 1,  deeper  section 
of  tbo  transverse  fibres  of  the  pons  ;  12,  oli- 
vary Ijody  5  13,  tight  olivary  bodj,  brought 
into  view  by  removal  of  the  corresponding 
pyramid. 

F^gf.  148  L3  a  posterior  view  of  the  me- 
dulla oblongata:  ^»/i,  posterior  pyramids. 
separated  "by  a  posterior  fissure ;  r,  r,  reati- 
form  bodies,  composed  of,  c,  (\  posterior  eol- 
umna,  and  d,  <i,  part  of  antero-latcral  col- 
unmg  of  the  cord ;  a^  a^  olivary  columns,  af 
seen  on  the  floor  of  the  fourth  ventricle,  sep- 
arated by  **  the  median  fissure,  and  crossed 
by  some  fibres  of  origin  of,  «,  m,  the  seventh 
pair  of  nerves* 


FUNCTIONS  OF  THE  MEDULLA  OBLONGATA. 

Viewed  as  a  Huperpoaed  continuation  of  the  spinal  cord,  the  medulla 
Fnnctioits  of  obloHgata  is  the  tract  of  communication  between  that  organ 
the  niqdulln ;  and  the  brain :  the  anterior  pyramids  and  olivary  tracts  con- 
communica-  vey  motor  influences,  and  the  rcstiform  tracts  and  posterior 
tion.  pyramids  eensationa.     By  experiments  similar  to  those  which 

have  been  performed  upon  the  cord,  these  conclusions  have  been  main- 
tained. 

But,  besides  this  function  of  conduction,  the  medulla  oblongata  dia- 
charges  a  most  important  duty  as  a  nervous  centre  \  on  it  depend  respi- 
mtion  and  deglutition.  The  brain  may  be  whoDy  removed  above,  and 
the  spinal  cord  bclow,^  as  far  as  the  origin  of  the  plircnic  nerve,  without 
death  necessarily  ensuing,  but  on  wounding  the  medulla  oblongata,  the 
muscular  movements  necessarj'  for  the  introduction  of  air  are  nccessarilT 
stopped- 

moreover,  the  medulla  oblongata  exliibits  the  property  of  reflex  action. 
Its  relaiidns  lo  So  far  Rs  the  fiinction  of  respiration  is  concerned,  its  chiei' 
respiration,  centripetal  ner\e  la  the  pneumogaatric,  but  the  power  which 
it  possesses  is  participated  in  by  many  others,  perhaps  by  reason  of  the 
venous  condition  into  which  the  blood  is  brought  from  want  of  proper 
aeration.  The  violent  respiratory  movements  by  the  giiddcn  application 
of  cold  to  the  skin,  the  shower-bath,  or  dashing  cold  water  on  the  face. 
are  converted  by  it  into  respiratory  muscular  motions.  From  it  also 
arise  the  movements  required  in  the  act  of  deglutition. 

Under  this  view  of  the  functions  of  the  medulla  oblongata,  it  is  to  be 
regarded  as  an  exclusively  automatic  instrument,  which  can  continue  jtp 
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operation  af^er  the  excision  of  the  brain.  As  with  the  spin&l  cord,  so 
with  it :  ita  simple  action  may  cotitijiue  though  its  commissural  action 
has  ceased,  and  thia  either  through  conditions  of  disease  or  by  the  ad- 
ministration of  druga.  In  lesions  of  the  brain  reapiration  may  still  con- 
tinue, aa  it  may  alao  when  sensation  and  voluntary  motion  have  been  ar- 
rested by  the  breathing  of  cliloroforra.  > 

OF  TB^  PONS  YABOm. 

The  pons  varolii  consists  of  a  loop  of  fibres  passing  from  one  crae 
cerebelli  to  the  other,  aroTind  the  tracts  of  communication  stnictnra  ofth* 
between  the  cord  and  the  brain.  Aa  shown  in  I^iff.  145,  pons  varolii. 
they  do  not  form  a  continuous  superficial  commissure,  but,  at  a  certain 
distance  below,  intejlacc  with  tiie  fibres  of  the  pyramids;  moreover, 
among  their  deeper  fibres  gray  vesicular  matter  occurs.  That  they  con- 
stitute mainly  a  commissarc  for  the  cerebellum  is  apparent  from  tlie  cir- 
cumstance that,  in  those  animals  which  have  the  median  cereljellar  lobe 
only,  there  is  no  pons,  and  in  otlier  cases  its  relative  magnitude  is  In 
proportion  to  the  size  of  the  cerebellar  hemiapherea. 

FUNCTIONS  OF  THE  PONS  VAROLIL 

The  functions  of  the  pons  varolii  are  therefore  twofold :  it  acts  aa  a 
conductor^  and  nh^  as  a  nerve  centre.  In  the  first  respect,  it  Firacdom  of 
ia  the  channel  from  the  spinal  column  to  the  cerebrum  and  '*'*'  P"'^"- 
cerebellum,  and  algo  between  the  cerctidlar  halves,  and  experiments  upon 
it,  in  giving  rise  to  sensationa  and  motions,  are  in  conformity  with  what 
we  should  anticipate  from  the  structure  and  functions  of  the  spinal  cord* 

In  the  second  reppcct,  as  a  nervous  centre,  it  has  been  stated  that,  when 
the  cerebrum  and  cerebellum  arc  removed,  but  the  pons  let't  untouched, 
an  animal  gives  tokens  of  aenaation  when  pinched  or  irritated,  and  like- 
wise executes  motions  which  have  an  object ;  these,  however,  were  no 
longer  observ-ed  after  the  removal  of  the  pons. 

We  have  had  repeated  occasion  already  to  mention  that  the  surest 
ffuide  which  can  be  followed  in  interpretations  of  the  tunc- 
tiona  01  tlie  nervous  system  is  comparative  ptiysiology.     Uur  ler-j  vkws  of 
views  of  the  action  of  the  spinal  cord,  medulla  oblongata,  theanaio^te. 
and  even  portions  above,  hereafter  to  be  described,  wul  l>e  naicorriufTor^ 
rendered  clear  by  a  knowledge  of  the  structure  and  ftmc-  Jh^venir'S'' 
tiona  of  the  ventral  cord  of  the  articulata,  the  analogy  of   cord  of  artico- 
which  to  the  parts  wc  have  had  under  consideration  was 
first  correctly  pointed  out  by  l>r.  Carpenter.     I  therefore  transcribe  from 
his  General  and  Comparative  Physiology  tlie  following  paragraphs,  which 
present  his  views  with  perspicuity. 

"  The  plan  pn  which  the  nervous  systeni  ia  distributed  in  the  sub- 
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kingdom  articulata  exliibita  a  remarkable  uniforraitj  throughout  the 
wiiolc  aeries,  while  its  character  gradually  becomea  more  elevated  as  we 
trace  it  from  tlie  lowest  to  the  highest  divisions  of  the  group.  It  uau- 
ally  consists  of  a  doublr  ncrvoua  cord  studded  with  ganglia  at  intervals^ 
and  the  more  alike  the  dift'ereiit  segtnents,  tJie  more  equal  are  these  gan- 
Fi'},  145.  g^'''^"  ^^^^  *^*^  fikments  of  the  nervous  cord  are  sometimes 
at  a  considerable  distance  from  one  another,  and  the  ganglia 
are  distinct,  but  more  frequently  thcj  are  in  close  apposition, 
and  their  ganglia  appear  single  and  common  to  both.  That 
which  may  seem  as  the  typteal  confonnatiou  of  the  neiTOUS 
system  of  tliis  group  is  seen  in  the  ganglionic  cord  of  scolo- 
pendra,  or  in  that  of  the  larva?  of  most  insects,  such  as  that 
of  the  spAifiiC  ligu^tri^  ^'Q- 149.  Here  we  see  tlie  nervous 
cord  nearly  uniform  throughout^  ita  two  halves  being  sepa- 
rated, however,  in  the  anterior  portion  of  the  body.  The 
ganglia  arc  disposed  at  tolerably  regular  intervals,  arc  simi- 
^  lar  to  each  other  in  size  (with  the  exception  of  the  last, 

Ty  ^^  '  which  is  formed  by  the  coalescence  of  two),  and  every  one 
supplies  its  own  segment,  and  has  little  conncctiou  with  any 
otlier.  The  two  filaments  of  the  cord  diverge  behind  tlie 
Jiead  to  inclose  the  ccsophagus,  above  which  wc  find  a  pair 
of  ganglia  that  receive  the  nerves  of  the  ^yes  and  antcnnre. 
We  shall  iind  that  in  the  Iiigher  classes  the  inequality  in  the 
formation  and  otfice  of  the  diftcrcnt  segments,  and  the  in- 
creased powers  of  special  sensation,  involve  a  considerable 
change  in  tiic  nervous  system,  which  is  concenlraled  about 
the  head  and  thorax.  In  the  siniplest  vermifoTm  tribes,  on 
the  other  hand,  we  lose  all  trace  of  separate  ganglia,  the  nervous  cord 
passing  without  evident  enlargement  from  one  extremity  to  the  other. 
Whatever  may  be  tlie  degree  of  moltiphcation  of  the  ganglia  of  the 
trunk,  they  seem  but  repetitions  of  one  another,  the  functions  of  eacli 
segment  being  the  eamc  with  those  of  the  rest.  The  cephalic  ganglia, 
however,  are  always  larger  and  more  important.  They  arc  conncctc<l 
with  the  organs  of  special  sense,  and  they  evidently  possess  a  power  of 
directing  and  controlling  the  movements  of  the  entire  body,  while  the 
power  of  each  ganglion  of  the  tnmk  is  confined  to  its  own  segment. 

*■■  The  longitudinal  ganglionic  cord  of  the  articulata  occupies  a  position 
which  seenia  at  first  sight  altogether  different  from  that  of  the  ner^■ous 
system  of  vertcbratcd  animals,  being  found  in  the  neighborhood  of  the 
mntral  or  inferior  surface  of  their  bodies,  instead  of  lying  just  beneath 
their  dorsal  or  upper  surface.  From  the  history  of  their  development, 
however,  and  from  some  other  considerations,  it  has  been  suggested  that 
the  whole  body  of  these  animals  may  be  considered  as  in  an  inverted  po- 
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gition,  the  part  in  wLich  the  segmentation  is  first  distinguished  In  iuaccts 
being  the  equivalent  of  tlie  dorsal  region  in  veitebrata,  and  that  over 
which  the  gemiinal  membrane  id  last  to  close  in,,  being  homologoua  with 
the  ventral  region.  This  view  applies  aiao  to  the  poBition  of  the  dorsal 
vessel,  which  would  then  be  on  the  ventral  side  of  the  axis,  as  in  verte- 
brata.  Regarded  under  this  aspect,  the  longitudinal  nervous  tract  of  ar~ 
licnlata  corresponds  with  the  spinal  cord  of  vertebratcd  animals  in  posi- 
tion^  as  we  shall  find  it  does  in  function, 

'*  When  the  structure  of  the  chain  of  ganglia  is  more  particularly  in- 
quired iuto,  it  is  found  to  consist  of  two  distinct  tracts,  one  of  which  is 
composed  of  nerve  fibres  only,  and  passes  backward  from  the  cephalic 
ganglia  over  the  surface  of  all  the  ganglia  of  the  trunk,  giving  ofi' 
branches  to  the  nerves  tliat  proceed  from  them,  while  the  other  includes 
the  ganglia  themselves.  Hence,  as  in  the  moUusca,  every  part  of  the 
body  has  two  seta  of  nervous  connections,  one  with  the  cephalic  ganglia, 
and  the  other  with  the  ganglion  of  its  own  Bcgraent.  Impressions  made 
upon  the  afferent  fibres  which  proceed  from  any  part  of  the  body  to  the 
cephalic  ganglia  become  sensations  when  conveyed  to  the  Matter,  while  in 
respondence  to  these,  the  consensual  impulses,  operating  through  the  ce- 
phalic ganglia,  harmonize  and  direct  the  general  movements  of  the  body 
by  means  of  the  efi'ercnt  nerves  proceeding  from  them.  For  t!ie  purely 
reflex  operations,  on  tlie  other  Jiand,  the  ganglia  of  the  ventral  cord  are 
sufficient,  each  one  ministering  to  the  actions  of  its  own  segment^  and  to 
a  certain  extent,  also,  to  those  of  other  segments.  It  lias  been  ascertained 
by  the  careful  dissections  of  Mr.  Newport,  to  whom  we  owe  all  our  most 
accurate  knowledge  of  the  nervous  system  in  articuialed  animals,  that  of 
the  fibres  conatituting  the  roots  by  wliich  the  nerves  are  implanted  in 
the  ganglia,  some  pass  into  the  vesicular  matter  of  the  ganglion,  and,  after 
coming  into  relation  with  its  vesicular  substance,  pass  out  again  on  the 
same  side  {Fig*  \b^,f^  i),  while  a  second  set,  after  traversing  the  vesie- 
ular  matter,  pass  out  by  the  trunks  proceeding  from  the  opposite  side  of 
the  same  ganglion,  and  a  third  set  run  along  the  portion  of  the  cord  which 

connects  the  ganglia  of  different  aegnienta, 
and  enter  the  nervous  trunks  that  issue  from 
them  at  a  distance  of  one  or  more  ganglia 
above  or  below. 

'■^Flg.  1.50,  from  ganglionic  tract  of  poly- 
dosmua  maculatus.  b^  interganglionic  cord ; 
f:,  anterior  nerves;  d^  posterior;  f^^,  fibre^i 
of  reflex  action  ;  y.  A,  commissural  fibres  ;  ;', 
longitudinal  fibres,  softened  and  enlarged  as 
they  pass  through  the  ganglionic  matter. 
4j«DKiiDDoriK>Jrd»uDaHmKiu«nu.         *'Thtia  it  appears  that  an  impression  con- 


310  FUNOnONS   OF   THE   COKD, 

veyed  by  an.  aflerent  fibre  to  any  ganglion  may  excite  motion  in  the  mua- 
clee  of  tiie  game  side  of  its  own  segment,  or  in  those  of  the  oppo&ite  side, 
or  in  those  of  segments  at  a  greater  or  less  diatance,  according  to  the 
point  at  which  the  efferent  fibres  leave  the  cord ;  and  as  the  function  of 
these  ganglia  is  altogether  related  to  the  locomotive  actions  of  the  seg- 
menta,  we  may  regard  them  as  bo  many  repetitions  of  the  pedal  ganglia 
of  the  mollusca,  their  multiplication  being  in  precise  accordance  with  that 
of  the  instruments  which  they  supply. 

'*  The  general  conformation  of  articulated  animals,  and  the  arrangement 
of  the  parts  of  their  nervous  systems,  render  them  peculiarly  favorable 
aiibjects  for  the  study  of  the  reiles  actions,  some  of  the  principal  phe^ 
nomena  of  which  will  now  be  described.  The  mantis  religiosa  custom- 
arily places  itself  in  a  curious  position,  especially  when  threatened  or  at- 
tacked, resting  on  its  two  posterior  pairs  of  legs,  and  elevating  ita  tkoras. 
witli  the  anterior  pair,  whicli  are  armed  with  powerful  claws  ;  now  if  the 
anterior  segment  of  the  thorax,  with  its  attached  membera^  be  removed, 
the  posterior  part  of  the  body  will  still  remain  balanced  upon  the  four 
legs  which  belong  to  it,  resisting  any  attempts  to  overthrow  it,  recover- 
ing its  position  when  disturbed,  and  pertbriuing  the  same  agitated  move- 
ments of  the  wings  and  elytra  as  when  the  unmutilated  insect  is  irritated  ; 
on  the  other  hand,  the  detached  portion  of  the  thorax,  which  contains  a 
ganglion,  will,  when  separated  from  the  head*  set  in  motion  itg  long  arma, 
and  impress  tlicir  hooks  on  the  lingers  wJiicli  hold  it.  If  the  head  of  a 
centipede  be  cut  off  while  it  is  in  motion,  the  body  will  continue  to  move 
onward  by  the  action  of  the  legs,  and  the  same  will  take  place  in  the 
separate  parts  if  the  body  be  divided  into  several  distinct  portions. 
Ajfter  these  actions  have  come  to  an  end,  they  may  be  excited  again  by 
irritating  any  part  of  the  nervous  centres,  or  the  cut  extremity  of  the 
neri'oua  cord.  The  body  is  moved  forward  by  the  regular  and  aucecssive 
action  of  the  legs,  as  in  the  natural  state,  but  its  movements  are  always 
forward,  never  backward,  and  are  only  directed  to  one  aide  when  the  for- 
ward movement  is  checked  by  an  interposed  obstacle-  Hence,  though 
they  might  seem  to  indicate  consciousness  and  a  guiding  will,  they  do 
not  BO  in  reality,  for  they  are  carried  on,  as  it  were,  Tneciianicaily,  and 
show  no  direction  of  object,  no  avoidance  of  danger.  If  tlie  body  be  op- 
posed in  its  progress  by  an  obstacle  of  not  more  than  half  of  its  own 
height^  it  mounts  over  it,  and  moves  directly  onward  as  in  its  natural 
state ;  but  if  the  obstacle  be  equal  to  its  own  heiglif,  its  progress  is  arrest- 
ed, and  the  cut  estremity  of  the  body  remains  forced  up  against  the  op- 
posing substance,  the  legs  still  continuing  to  move»  If,  again,  the  nerv- 
ous cord  of  a  centipede  be  divided  in  the  middle  of  the  trunk,  so  that  the 
hinder  legs  are  cut  off  fironi  connection  with  the  cephalic  ganglia,  they 
will  continue  to  move,  but  not  in  harmony  with  those  of  the  fore  part  of 
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the  body,  being  completely  paralyzed,  ho  far  as  the  animid'a  controlling 
power  ifl  concerned,  though  atiil  capable  of  performing  reflex  tnovements 
by  the  influence  of  their  own  ganglia,  which  may  thus  continue  to  propel 
rhe  body  in  opposition  to  the  determinations  of  the  animal  iteelf.  The 
case  is  still  more  remarkable  when  the  nervoue  cord  is  not  merely  di- 
vided, but  a  portion  of  it  is  entirely  removed  from  the  middle  of  the  trunk ; 
for  the  anterior  lega  still  remain  obedient  to  the  animial's  control,  the  legs 
of  the  Begments  from  which  the  nervous  cord  baa  Jjeen  removed  are  alto- 
gether motionless,  while  those  of  the  posterior  segments  continue  to  act 
through  the  reflex  powers  of  their  own  ganglia,,  in  a  manner  which  shows 
that  the  animal  has  no  power  of  checking  or  directing  them* 

**  The  stimulus  to  the  reflex  movements  of  the  legs  in  the  foregoing 
cases  appears  to  be  given  by  the  contact  of  the  extremities  with  the  solid 
surface  on  which  they  rest.  In  other  instances  the  appropriate  impression 
can  orJy  be  made  by  the  contact  of  Hquid.  Thus  a  dytlseus  (a  kind  of 
water- bee  tie),  haAdng  had  ita  cephalic  ganglia  removed,  remained  motion- 
lea??  as  long  as  it  rested  upon  a  dry  surface,  but  when  cast  into  water  it 
executed  the  usual  swimming  motions  with  great  energy  and  rapidity, 
striking  all  its  cornrades  to  one  side  by  its  violence,  and  persisting  in 
these  for  more  than  half  an  hour.  Other  luovementa  again  may  be  ex- 
cited through  tlie  respiratory  surface.  Thus,  if  the  head  of  a  <;entipcde 
be  cut  off,  and,  while  it  remains  at  rest,  some  irritating  vapor  (such  as 
that  of  ammonia  or  muriatic  acid)  be  caused  to  enter  the  air-tubes  on  one 
side  of  the  trunk,  the  body  will  be  immefUately  bent  in  the  opposite  direc- 
tion, 30  as  to  withdraw  itself  aa  much  as  ])ossible  from  the  influence  of 
the  vapor;  if  the  same  irritation  be  then  appUed  to  the  other  side,  the  re- 
verse movement  will  ta.kc  place,  and  the  body  may  be  caused  to  bend  in 
two  or  three  different  curves  by  bringing  the  irritating  vapor  into  the 
neighborhood  of  different  parts  of  either  side.  This  movement  is  evi- 
dently a  reflex  one,  and  serves  to  withdraw  the  entrances  of  the  air-tubes 
from  the  source  of  irritation,  in  the  same  manner  as  the  acts  of  coughing 
and  sneezing  in  the  higher  animals  cause  the  expnlsion  from  the  air-paa- 
sages  of  solid,  liquid,  or  gaseous  irritating  matters  which  may  have  found 
their  way  into  them. 

*'From  these  and  similar  facts,  it  appears  tliat  the  ordinaiy  movements 
of  the  legs  and  wings  of  articulated  animals  are  of  a  reflex  nature^  and 
may  be  eHected  solely  through  the  ganglia  with  which  these  organs  are 
severally  connected ;  while,  in  tlie  perfect  being,  they  arc  harmonized, 
controlled,  and  directed  by  impulses  which  act  through  the  cephalic  gan- 
glia, and  the  nerves  proceeding  from  them.  There  is  strong  reason  to 
beUeve  tliat  the  operations  to  which  these  ganglia  arc  subservient  are  al- 
most entiiely  of  a  consensual  nature,  being  immediately  prompted  by 
sensations,  chiefly  those  of  sight,  and  seldom  or  never  by  any  proeesses 
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of  a  truly  rational  character.  Wlien  we  attentively  consider  the  habits 
of  these  animala,  we  find  that  their  actions,  though  evidently  directed  to 
the  attainment  of  certain  enda,  are  very  far  from  being  of  the  aame  spon- 
taneous nature,  or  from  posaesaingtbe  aame  designed  adaptation  of  meanB 
to  ends  as  those  performed  by  ourselves,  or  by  the  more  intelligent  ver- 
tebrata  under  like  circumstances.  We  judge  of  this  by  their  unvarying 
character,  the  different  individuals  of  the  same  sjiecies  executing  pre- 
cisely the  same  inovcjiients  when  tlic  circuin stances  are  the  same,  and 
by  the  very  elaborate  nature  of  the  Tiiental  emotions  which  would  be  re- 
quired in  many  instances  to  arrive  at  the  same  results  by  an  fftbrt  of 
reason.  Of  sueh  we  can  not  have  a  more  remarkable  example  than  is 
to  be  found  in  the  operations  of  bees,  wasps,  and  other  social  insects, 
which  construct  habitations  for  themselves  upon  a  plan  which  the  niost 
enlightened  human  intelligence,  working  according  to  the  most  refined 
geometrical  principles,  could!  not  surpai^s,  but  which  yet  do  ao  without 
education  communicated  by  their  parents  or  progressive  attempts  of  their 
own,  and  with  no  trace  of  hesitation,  confusion,  or  interruption,  the  dif- 
ferent individuals  of  the  community  all  laboring  cflectivcly  to  one  pur- 
pose, because  their  automatic  impulses  (producing  what  are  usually  tenn- 
ed  instinctive  actions)  are  all  of  the  same  natiire. 

"  Not  OTily  arc  the  locomotive  ganglia  multiplied  in  accordance  with  the 
repetition  of  segments  and  members,  but  the  respiratory  ganglia  arc  mul- 
tiplied in  like  manner  in  accorthmcc  with  a  repetition  ol'  respiratory  or- 
gans. The  respiratory  division  of  the  nen'ous  system  consists  of  a  chain 
of  minute  ganglia  lying  upon  the  larger  cord,  and  sending  off  its  delicate 
nen'cs  between  those  t]iat  proceed  frorst  the  ganglia  of  the  latter,  as  seen 
in  Fhj.  151.  These  rc^^piratory  ganglia  and  their  nerves  are  Ijest  seen  in 
the  tiioracic  portion  of  the  cord,  wheie  the  cords  of  comnnmication  be- 
tween the  pedal  ganglia  diverge  or  separate  from  one  another;  and  this 
is  particularly  the  case  in  the  pupa  ?tatc,  when  the  whole  cord  is  being 
shortened  and  their  divergence  is  increase^l.  The  thoracic  portion  of  the 
cord  is  shown  in  Ftg.  1^52,  B,  which  represents  the  second,  third,  and 
fourth  double  ganglia  of  the  ventral  cord,  the  cords  of  connection  between 
them  here  widely  diverging  laterally,  and  the  small  respiratory  ganglia 
which  are  connected  with  each  other  by  delicate  filaments  tliat  pass  over 
^'>  ''•'•  the  ganglia  of  the  ventral  cord,  and  which  send  off  lateral 
branches  that  are  distributed  to  the  air-tubes  and  other 
parts  of  the  respiratory  apparatus,  and  communicate  with 
those  of  the  other  system." 

Illustrations  of  the  nervous  system  of  the  articulata. 
'•?  f  """j  "i"*    Fig^  151^  A,  single  ganglion  of  centij)c(h\  much  enlarged. 
A  showing  the  distinctness  of  t  he  purely  fibrous  tract,  A,  from 

tr»flB"^^' Gciiti-    ^^^^  ganglionic  colutnn,  a,     Fig.  152,  B,  portion  of  the 
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ffff-jBi  double  corcl  from  the  thorax  of 

the  pupa  oi'  sphinx  lEgiiatrcT 
gliowing  tine  respiratory  gan- 
glia and  nerves  liehveen  the 
gaiigLia  2,  3^  4,  and  the  acpa- 
rated  corda  of  tlic  locomotive 
system.  Fig.  153,  C,  view 
of  the  two  systems  combined, 
showing  tlieir  arrangoraent  in 
the  htrva;  <r,  ganglion  of  the 
ventral  cord ;  ^,  fibroua  tract 
passing  Over  it;  t',  c,  respira- 
tory aystem  of  nerves,  distinct 
iVom  both. 

llaving  thus  presented  the  views  of  Dr,  Carpen- 
ter respecting  the  annlogy  between  the  ventral  cord 
of  the  articulata  and  the  apinal  cord  of  the  vcrte- 
brata,  I  sliould  next  continue  the  explanations 
which  this  physiologist  has  offered  of  t!ic  coMiiec- 
tiona  and  relations  of  tiie  sensory  ganglia;  but  this 
can  not  be  conveniently  done  until  we  hjive  passed 
tlirongh  the  description  of  the  organs  at  the  base  of 
the  brain. 
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CHAPTER  XVI. 

OF  TIIE  BRAIN. 

Tht  Braitt  -■  «*.*  Stmciitre, — -/rt  Motor  onrf  Smsory  Paris^  Hemispheres,  and  Q)nirnis»tift». — 
T/ie  .SwufWtHfli. —  t'driiilroiis  nj" tlie.  Ilvmispliereii  in  Size  ami  Wfi'jht- — Injilnsiiteuhti  Nahtn 
of  Cerfin-um. —  Tfie  CfTtMluiit:  iti  SiriKtHrc  und  Fwimiom. —  Co-oniinulvx  inuaiiulur  M'tfinits. 
—  fjimntrlion  u^ith  Anmltvenenn. — I'hrmalotj^. —  GimJilitms  of'  Ariiiin  nf' JSr'tfn.. 

Sgiametrir'at  iMraUtiusa  oj'lhc  Dfain. — Fimnion  o/'tffcl  Ihilf,  am! uf  both  vMiimnll^.^^Fiirlfpejiii- 
eiiir.  nm!  fiisabariUnirtion  of  tarh  Urmtsjihere, — ^[)oniile  'Uiauij/fiL — Animate  Tkiru^ht. — !S>^nti- 
mciit  t^' J\e-€zUteace. — ioM  o/'  I'efi.cplwn  f^f  Time. 

The  cerebrum  and  cerebellum^  being  organs  additional  to  the  spina] 
fiord,  and  developed,  as  has  been  show^n  in  the  last  chapter,  „  .  .. 
upon  it,  the  cord  being  able  to  discharge  its  own  functions  of  siruciure  vi 
independently  of  them,  we  shall  find  it  at  once  the  most  '"'^"'" 
natural  and  most  commodious  method  fo  consider  their  structures  as 
arising-  out  of  ita  structurci  and  their  functions  as  having  relation  to  its 
I'unctions. 

A  general  idea  of  the  structure  of  the  brain  as  an  appendage  to  the 
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spinal  cord  may  be  gathered  by  considering  that  a  bifurcation  of  tlie 
fibres  takes  place  in  the  medulla  obiopgata^  and  upon  one  of  the  result- 
ing bundles,  the  crua  cerebri,  the  cerebrum  is  found,  on  the  otber  the  cer- 
ebellum. The  eras  <xrebri  ia  thus  composed  of  three  strands :  an  infe- 
rior, the  fibres  of  which  have  come  ironi  the  anterior  pyramida,  and  in 
part  from  the  oliTary  bodies.  T]iis  strand  ends  in  the  corpng  striatum, 
its  fibres  not,  however,  blending  abruptly  with  the  vesicular  matter,  but 
paa^ing  into  it  in  bundlea.  It  is  essentially  motor.  A  superior,  which 
is  derived  firom  the  posterior  pyramids,  and  terminates  in  tlie  thalauius- 
ft  is  esHentially  sensory.  Between  these,  constituting  the  third  portion — 
.-strand  it  can  scarcely  with  propriety  be  called — is  a  layer  of  dark  vesic- 
ular material,  the  locus  iiigcr.  It  is  to  he  niiJerstood  that  the  motor 
strands  of  the  opposite  sides  decussate  in  the  medulla  oblongata;  the 
sensory  fitranda  decussate  in  the  inesoceplialon. 

The  other  bundle,  arising  in  the  original  bifiircation,  assumes  the  des- 
Fonnation  of  ignation  of  CHis  cereljclli.  Ou  it  the  ccrebellcim  is  dcvel- 
ihocerebulicmi.  ojted.  It  cousiats  essentially  of  fibres  from  the  restiform 
bodies,  re-enforced  by  others  which  have  come  from  the  anterior  pymmids 
under  the  name  of  arcifonn  fibres.  These  together  make  their  way  to 
the  interior  ganghon  of  tJie  cerebellum,  the  corpus  dejitatutn*  and  there 
they  end.  But  the  crus  cerebelli  contains  likewise  two  other  great 
strands  :  an  inferior,  which  constitutes  the  commissures  of  the  two  cere- 
bcUai'  hemispheres,  and  which,  running  round  the  entire  prolongatJona  of 
the  spinal  cord,  fonns  the  pons  varolii;  a  BU|jerior,  the  processus  cere- 
belli ad  testes,  which  unites  tiie  cerebellnm  and  cerebrum. 

Of  the  portions  of  the  spinal  cord  on  which  the  cerebrum  is  to  he  de- 
veloped, tJiose  which  are  sensorj'  end  in  the  optic  thalamus,  those  which 
arc  motor  in  the  corpus  striatum.  The  thalamus  and  striatum  of  each 
side  may  be  regarded  as  one  compound  ganglion^  since,  like  the  columns 
of  the  cord,  they  are  entered  by  a  gray  and  a  white  conmiiasurc.  Uf  tlie 
portions  on  which  the  cerebellum  is  to  be  developed,  the  termination  is 
in  the  central  ganglion  of  the  cerebellum,  the  corpus  dentatum. 

At  the  place  of  bifurcation  of  tlie  constituent  strands  of  the  crufl  cere- 
bri and  crUB  cerebelli  from  each  other  in  the  medulla  oblon- 
gata, there  is  intercalated  or  included  a  ganglion,  wJiich,  with 
its  apparatus,  constitutes  tlie  olivary  body,  the  fibres  of  which  make 
their  way  upward  between  the  two  preceding  bundles,  and,  having  bi- 
furcated, one  branch  goes  to  the  qnadrigemina  and  tlie  other  to  the  op- 
tic thalamus,  the  latter  constituting,  as  has  been  said»  a  part  of  the 
cms  cerebrL  The  seat  of  power  of  the  medulla  oblongata  is  in  this 
ganglion. 

Such  being  the  anatomical  construction  of  the  cms  cerebri,  it  may  be 
physiologically  regarded  as  a  compound  strand,  the  anterior  portion  of 
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which  13  motor,  the  posterior  aensory ;  and  between  these  a  NervQ&  of  ihu 
dark  vesicular  deposit,  the  locus  nigcr,  which  is  continuous  "^-si^^ydire" 
between  the  vesicular  matter  in  the  spinal  cord  and  that  of  *petiivelj-. 
the  thalamus  and  corpus  striatum.  From  the  lowest  extremity  of  the 
cord  to  these  great  ganglia  there  is,  therefore,  aa  unbroken  vesicular 
channeL  In  ita  progress  onward  to  the  corpus  Btriatum,  the  anterior 
istrand  pelda  roots  of  the  spinal  accessory,  hypoglossal,  facial,  abduccns, 
the  small  root  of  the  fifth,  the  troclilearia,  and  the  ocido-niotor  neiTCS. 
If  there  were  no  other  proof  of  the  motor  character  of  this  strand,  the 
motor  property  of  all  these  ner\-es  would  be  sufljcicnt  to  deterrtiine  it. 
In  like  manner,  the  posterior  strand  yields  the  pneumogaatric,  the  glosso- 
pharyngeal, and  the  sensory  root  of  the  fifth,  trom  the  eensory  fiinctions 
of  which  its  sensory  character  ia  established. 

The  layer  of  vesicular  matter  which  is  found  upon  the  cerebral  convo- 
lutions, and  whicii  is  doubtless  the  seat  of  tlie  higher  intel-  Keiation  oftLt 
leotnal  qualities,  has  therefore  no  communication  with  the  J'g'^*oJ*[|I^  ^.^1 
vesicular  matter  of  the  spinal  axis,  by  contact  or  continua-  isijliercs. 
lion,  bat  oidy  through  the  intervention  of  fibres  which  radiate  upon  it  in 
all  directions  from  the  thalamus  and  striatum^  or  rather  through  some 
wliich  radiate  from  the  great  aeneoiy  centre,  the  thalanms*,  to  t!ie  periph- 
ery of  the  cerebruTD,  and  others  which  converge  from  that  periphery  to 
the  great  motor  centre,  the  striatum.  If  the  diameter  of  thefie  fibres  be 
assumed  to  be  nrJ-jnj  "^^  ^^  inch,  there  must  be  many  raiUioiis  of  them 
in  the  a^^egatc  The  vesicular  matter  of  the  hemispliere  is  arranged 
on  the  gupcrticics  instead  of  centrally,  on  account  of  the  necessities  of 
their  structure  and  condition  of  activity,  for  thereby  a  great  siu^ace  is 
obtained,  wliich  is  fiitther  increased  by  the  artifice  of  convolutions,  a  ve- 
dicnilar  surface  which,  counting  in  that  of  the  cerebellum,  has  been  esti- 
mated at  670  square  inches,  and  blood  can  be  copiotisly  supplied  and 
freely  removed. 

But  tlie  thalamus  and  striatum  arc  only  two  of  a  chain  of  ganglia  be- 
neath the  cerebral  hemispheres.     Anteriorly  we  find  the  ol-  G^^gjia  ^t  thn 
factive  ganglia,  or  bulbs  of  the  olfactory  nerves,,  which  are  I'ftso  uf  iha 
seated  upon  peduncles,  though  their  character  is  manifest  from 
the  gray  matter  they  contain.     Behind  these  are  the  tuhercula  quadri- 
gemina,  to  which  the  optic  nerves  nm,  and  which  are  therefore  their  gan-' 
gUoTiic  centres.     Wliat  answers  to  the  auditory  ganglion  is  lodged  at  a 
dietancc  back,  at  the  fourth  vctitricle,  and  the  gustatory  ganglion  is  in 
the  mednlla  oblongata.     These  are  the  ganglia  of  special  sense,  and  to 
be  regarded  aa  eubotdlnate  to  the  thalamus,  which  is  their  common 
register. 

All  these  parts  are  commissured  >vith  one  another,  and  with  their  fel- 
lows of  the  opposite  half  of  the  brain.     Indeed,  so  likewise  are  all  itB 
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ommiasuTcs  of  parts,  tliG  JiffcTcnt  Cerebral  lobes,  the  oppoeite  liemkphere^. 
the  Uram.  adjacent  and  distant  convolutions,  the  cerebrum  with  tht' 

ocrebeUiun.  Hence  arises  a  stnicti^re  of  extreme  complexity*  Among 
the  commkaural  apparatus  may  be  more  particidarly  mentioned  tine  cor- 
pua  callosum,  the  ibrtiLx,  the  anterior,  the  posterior,  the  aoft,  and  the  su- 
perior longitudinal  commissures. 

For  the  sake  of  a  clear  conception  of  the  structure  of  the  brain,  so  tkf 
Aapecta  of  the  ^^  '^  required  for  physiological  purposes,  the  annexed  repre^ 
iirain,  BGntations  of  it3  Superficial  aepecta  are  given.     These  are  a 

prepiaration  for  the  diagrammatic  sketckes  whicli  follow,  and  which  ena- 
ble ua  to  understand  tlie  relation  and  dependence  of  the  more  prominent 
parts.  It  need  scarcely  be  added  that  the  uses  and  functions  of  nearly 
all  the  suixfrdinate  parts  are  at  present  wholly  unknown.  For  the  timr 
being,  they  are  tliereforc  objects  of  interest  to  the  aiiatomisl  rather  than 
to  the  physiologiist. 

J'ltj^  154,  extCi-nal  lateral  face  of  the  right  half  of  the  brain  :  I,  me- 
dulla oblongata ;  2,  pons  varoKi ;  H,  ccrcl>cllum  ;  4,  pnentnoga&tric  lob- 
ule; 5,  frontal  convolutions ;  C,  parietal  convolutions  ;  7,  occipital  con- 
volutions  ;  8,  tiasure  of  Sylvius ;  9,  9,  its  two  branches. 


t^ttrniJiJ  iBierol  Hoe  uf  ih>e  bmo. 

I^iff.  155,  sujierior  aspect  of  the  brain: 
1, 1,  anterior  lolx's;  3,  2, posterior  lobes; 
3,3,  great  median  fissure;  4,  4,  ftssures  s..ptrior«p««of.hebnui.- 

of  Rolando  ;  5,  5,  anterior  parietal  convolutions  ;  (>,  G,  posterior  j>arietal 
fonvolutiona ;  7,  7,  nidimentary  parietal  convolutiuns  ;,  8,  8,  frontal  con- 
volutions ;  9,  9,  occipital  convolutions. 

J^iff.  15f>,  internal  lateral  face  of  the  right  half  of  the  brain :  I,  half 
of  medulla  oblongata  ;  2,  half  of  pons  varolii ;  3,  half  of  ems  cerebri ;  1. 
aiboT  vitfB  of  cerelxilluin ;  5,  aqueduct  of  Sylvius ;  6,  half  of  the  valvo 
Iff  Vieussens ;  7,  two  of  the  tubcrcula  quadrigeinina;  8,  half  of  the  pin- 
eal gland  ;  9^  its  inferior  peduncle ;  10,  its  anterior  peduncle  ;  1 1,  trans- 
verse portion  of  the  fissure  of  Bichat ;  1 2,  auijerior  face  of  the  optic  tract ; 
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13,  its  internal  face;  14,  conimia- 
aui-a  mollis;  15,  mfuncUbulum;  16, 
portion  of  pituitary  gland  ;  17,  por- 
tion of  tuber  cincrcum;  Igipiaiform 
tubercle;  19,  locus  perforatus;  20, 
ocuJo-motor  nerve ;  21,  portion  of 
optic  nerve ;  22,  anterior  cerebral 
coEimisstire ;  23,  forjimcn  of  Mon- 
roe; 24,  fornix;  25,  septum  luci- 
duni ;  26,  corpus  callosuin ;  27, 
spleniura  ;  28,  genu  ;  29,  sinus  of 
tte  corpus  callosum ;  30,  gyrus 
fornicatua ;  31,  internal  convolu- 
tion of  the  anterior  lol*  :  32,  deep  anfractuusity;  33,  convolution  of  pos- 
lerior  lobe ;  34,  anfractuosity. 

Pip-  '^J-  /ij?.  157,  base  of  the  bruin,  photo- 

graphed from  a  ivax  cast :  1,  1,  anteri- 
or lobes ;  2, 2,  middle  lohes ;  3, 3^  pos- 
terior lolwa ;  4,  anterior  portion  of  great 
median  iissurc;  6,  its  posterior  portion; 
(i,  6,  fidgures  of  Syl\4us  ;  7,  7,  antero- 
posterior portions  of  the  great  fissure 
of  liichat ;  8,  tuber  cinercum ;  9,  9, 
corpora  albicantia;  10,  locus  perforatum 
mcdius;  11  ^  11,  crura  cerebri;  12,  pone 
varolii;  13^  medulla  oblongata;  14, 
14,  anterior  pyramids;  15,  15>  olivarv 
bodies;  1(1,  16^  reatifonu  bodies ;  17, 
17,  lateral  lobes  of  the  ccTcbelluin  ;  18. 
ijttBt  uniwiinijii.  portion  of  its  middle   lobe;    19,  19, 

tffO  email  antero-posterior  co]i volutions  of  tlic  froulal  lobe,  aeparatcd  by 
tlic  groove  of  the  olfactory  nerve;  20,  obliijuc  euuvolulion,  limiting  thti 
lissure  of  Sylvius  ;  21,  convolution  of  (lie  great  cerebral  fissure  ;  22,  ol- 
factory nerve  ;  23,  ita  bulb;  24,  24,  optic  nerves  and  their  chiasm;  26, 
25,  oculo-it]otor  nerves  ;  2G,  26,  pathelici :  27,  27,  great  and  small  roots 
of  the  trifacial ;  28, 28,  external  oculo-motur  nerves ;  29, 21>,  facial  nerves  : 
30,  30,  auditory;  31,  31,  glosso-pliarjngeal ;  32,  32,  pneuniogaslric 
nerves :  33,  33,  spinal  accessory ;  34,  34,  great  hypoglossal.  In  tbii' 
engraWng  several  of  the  fl_^^^metl■ical  nuudicia  arc  not  repeated,  for  the 
sake  of  cleam'eea. 

jPiy.  158  is  an  analytical  diagmm  of  the  brain  in  a  vertical  Bcction 
(trom  Mayo).  It  serves  to  impresa  on  the  mind  the  foregohjg  structure  of 
structural  descriptions,     ».  Spinal  cord  preparing  for  tifurca-  '''^'  ^^^- 
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tion  ;  r,  restitbrm  bodies  passing  to  c,  the  cerebellum  ;  d^  corpus  dentfl- 
trnn  of  the  ccrebpUum  ;  o,  intercalation  of  the  oliviiry  body ;  /',  coIumn.= 
eontinuous  with  tlic  olivary  bodic3  and  central  part  of  the  medulla  ob- 
longata, and  ascending  to  the  tubercula  quadrigcmina  and  optic  thalnmi : 
p,  anterior  pyramids :  -t\  pons  varolii ;  n,  6,  tubercula  quadrigemina: 
ff,  genicidate  body  of  the  optic  thalamns ;  /,  processus  ccrebelli  ad  testes: 
a,  anterior  lobe  of  the  brain ;  q,  posterior  lobe  of  the  brain. 

J^tff.  159,  the  motor  tract  (from  Sir  C-  Bell).  A,  A,  fibres  of  the  hem- 
ispheres converging  to  form  the  anterior  portion  of  the  cms  cerebri;  B. 
the  same  tract  when  passing  the  cms  cerebri ;  C,  the  right  pyramHial 
body,  a  little  above  the  point  of  decus.sation ;  D^  the  remaining  part  ot 
the  pons  varolii,  a  |wrtian  having  been  dissected  off  to  expose  B.  1. 
olfactory  nerve  in  outline;  2,  union  of  optic  nerves;  3,  3^  motor  ocuU; 
4,  4,  patheticus  ;  5,  5,  trigeminus  ;  6,  6,  its  niusciilar  division  ;  7,  7,  it? 
sensory  root  ?  8,  origin  of  sensory  root  from  the  posterior  part  of  the  rae- 
diUIa  oblongata ;  9,  abduceas  ocuU ;  10,  auditory  nerve;  11*  facial  nerve: 
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12,  eighth  pair;  13,  hypoglossal;  14,  spinal  nerves;  15,  apinal  acces- 
sory of  right  side,  Bcparated  from  par  vagiini  and  glosao-pharjiigeal. 

I^ig.  160  (on  tlie  following  page),  the  Hensory  tract  (from  Sir  C-  Bell). 
A,  pons  varolii ;  B^  B,  senflory  tmct  separated ;  C,  union  of  posterior 
columns;  IJ,  D,  posterior  roots  of  spinal  nervea  ;  E,  sensory  roots  of  the 
fifth  pair. 

The  ganglia  at  the  baae  of  the  brain  are  regarded  by  Dr.  Carpenter  as 
constituting  the  true  aensorium,  a  doctrine  which  be  has  es-  „, 
tabhahed  by  many  weighty  arguments,  and  which  is  douut- 
leas  one  of  the  most  iniporttint  thua  far  introduced  by  any  physiologist. 

The  idea  here  intended  to  be  conveyed  is,  that  the  thalami,  striata, 
sensory  ganglia^  and  ncr%'oufl  arrangements  below,  constitute  an  it^oJated 
apparatus ;  distinct  from  whieb,  and  superadded,  are  the  cerebral  hem- 
i  spheres. 

From  observations  on  the  animal  series,  the  conclusion  seems  to  be  un- 
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aToidable  t-b:it  tin;  clinin  of  ganglia  now  under  consideration  must  con- 
atitute  a  sensorium,  the  centripetal  tibres  communicating  their  iinpression 
and  motion  ensuing,  the  impressions  being  attended  with  constiEousTicBe. 
This  view  is  moreover  substantLated  hj  ohaervations  made  after  excision 
of  the  cercbnim,  a  certain  degree  of  conBciousnesa  remaining,  not  unliki' 
tliat  exhibited  by  a  man  who  is  half  asleep.  This  condition  of  things  in 
naturally  presented  in  the  aniphioxus- 

liut  after  the  cerebral  licmispheres  are  added,  an  impression  received 
rfTectortlicad-  '^I*"  *^^^  ihalamu.^,  whether  it  has  come  in  through  tJie  scd- 
dition  oftho  sory  ganglia,  or  any  other  sensory  part  of  the  cranio-spinal 
.-crejrutu,  axia,  is  transmitted  to  the  coiivolutiona  along  the  radiating 

fibres.  From  the  convolutions,  the  influence  which  is  to  produce  mo- 
tion  descends  along  the  converging  fibres  to  the  striatum,  thence  along 
the  ijif'erior  layers  of  the  cms,  througli  the  niesocephaion  to  the  anterior 
pyrainida,  and  by  their  decusaation  to  the  opposite  side  of  the  cord. 

Such  i;^  the  view  which  Dr.  Carpenter  presents  of  the  funetioii,-*  of  the 
senporj  ganglia  and  spinal  axis ;  or,  employing  tlic  terms  we  Jiave  pre- 
viously defined,  the  cord  alone  is  a  longitudinal  series  of  automatic  arcs : 
on  the  addition  of  the  thalamus  and  striatum,  it  become^!  a  compound 
registering  arc,  the  cerebral  hemispheres  finally  annexed  to  it  conBtitut- 
tng  Bn  influential  arc. 

In  n  simple  arc,  an  impression  is  at  once  converted  into  motion,  and 
leaves^  behind  it  no  traces ;  its  expenditure  is  instantaneous  and  complete. 
[n  R  registering  arc,  ii  part  of  the  imprceision  ig  stored  up  or  remains — 
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D&jj  even  the  whole  of  it  may  be  bo  received  and  retained.  It  is  not  to 
be  overlooked  that,  as  eoon  as  this  eflect  occura,  the  evidences  of  sensation 
arise ;  and,  since  senBation  necessarily  inipliea  the  existence  of  ideaa, 
ideas  tiicnisclvca  arc  doubtless  dependent  on  this  partial  retention  or  i-eg- 
istry  of  impresaiona.  We  may  therefore  adopt  the  doctrine  of  Dr.  Car- 
penter, aa  regards  the  sensorial  functions  of  the  cranio-spinal  apparatus, 
not  only  from  the  arguments  he  has  presented,  but  also  from  other  con- 
siderations. 

There  can  be  no  doubt  that  the  cerebral  hemispheres  constitnte  the  in- 
struinent  through  which  the  mind  exerts  its  influences  on  the  Hetibral  rrsuli 

body.     Any  iniury  of  sufficient  severity  inflicted  upon  tliem  *'''  ''inatiorN 

11-1  II  ^^  -       11  1  ii'  't"?  «i»e  And 

13  at  once  attended  ivitli  a  total  loss  of  intellectual  power;  wri^iitorthe 

any  malformation  or  lesion  by  disease  is  attended  liy  a  dete-  •^^™>'"i'*'*'«»- 
rioration  below  the  customary  mental  standard ;  any  unusual  develop- 
ment with  correspondingly  increased  powers  of  intellection  ;  and  this  not 
only  as  regards  animals  of  diflercnt  tribes,  or  indivitluals  at  special  peri- 
ods of  their  lives,  but  also  of  ditTerent  men  when  compared  witli  one  an- 
other. The  general  impression  is  founded  in  fact  that  tlioae  who  have 
diatinguished  tliemaelvos  for  mental  atlaiiimenta  or  intellec(ual  power 
have  been  marked  by  the  miiUiual  development  of  ibcir  cerebral  hemi- 
spheres. 

It  13  to  bfi  understood  that,  in  thus  asserting  a  correspondence  "between 
the  development  of  tlie  cerebrum  find  intellectual  capability,   .  . 

we  are  not  to  overlook  the  instrumental  nature  of  that  organ,  naiurc  of  cere- 
Though  imperfections  in  it  may  produ<^c  a  manifest  inferior-  "^'"" 
ity,  that  inferiority  is  by  no  means  to  be  referred  to  the  intellectual  prin- 
ciple itself*  The  mode  of  action  being  by  an  instrument,  if  that  instru- 
ment becomes  imixrfect  the  action  becomes  ini|>CTfcct  too.  Under  such 
circumstances  in  any  human  contrivance,  we  should  never  think  of  im- 
puting inferiority  to  the  prime  mover. 

From  tliis  point  of  view  ivc  may  therefore  considerthc  intcUcclual  prin- 
ciple as  possessing  jiowers,  properties,  and  faculties  of  it3  own  ;  as  being 
acted  on  by  impressions  existing  in  the  thalamus,  and  delivered  through 
the  intervening  fibrous  structures  to  the  vesicular  material  of  the  convolu- 
tions of  the  cerebral  hemispheres.  In  tiiis  region  they  act  upon  the  in- 
tellectual principle  and  are  acted  upon  by  it,  the  returning  inrtuence,  if 
any,  coming  down  through  the  converging  tubular  structures  to  the  cor- 
pus striatum,  and  by  its  commissural  connections  sent  otf  to  liartieular 
ganglia,  passing  along  tiie  inferior  strand  of  the  cms  throngh  tlic  meso- 
cephalon  to  the  anterior  pyramids,  and  by  their  decussation  to  the  oppo- 
site side  of  the  cord. 

Having  thus  spoken  of  the  sensory  ganglia  and  the  cerebral  hemi- 
spheres, it  remains  to  add  some  remarks  respecting  the  cerebellum.     It 
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The  cerebei-  ariscs,  a3  has  been  etated,  from  the  triple  strand  of  the  cms 
lum.  cerehelli,  of  wliich  one  layer  of  fibres  is  connected  with  the 

corpora  quadrige^msnfi,  and  through  them  with  the  optic  tlialanii;  a  sec- 
ond with  the  restit'orm  bodies  ;,  and  the  third  is  conimis sural,  and  pasae9 
forward  as  the  pons  varohi. 

Like  the  cerebrum,  this  organ  is  vesicular  on  its  surface,  which  pre- 
senta  a  number  of  parallel  lines,  wMch  are  Hssurcs  dcatending  to  the  in- 
terior. Their  object  ia  apparently  the  same  as  that  of  the  convolutions 
of  the  bmin,  the  augmentation  of  surface.  Of  these  fisaures,  the  deep 
are  termed  the  primary  :  t]icy  divide  the  organ  into  lobes.  Those  which 
descend  to  a  less  depth  are  ternsed  secondary :  tlie  divisions  they  give 
rise  to  are  lobules.  The  gray  vesicular  material  does  not,  howe\Tr,  de- 
scend to  the  bottom  of  the  primary  fissures,  and  in  tliia  respect  they  dif- 
fer from  the  cercljral  convolutions*  Moreover,  from  this  cireuni stance, 
that  material  is  not  continuous  all  over  the  cerebellum,  but  is  in  divided 
portions. 

Such  are  tlie  apjiearancea  presented  on  an  exterior  examination  of 
Struciura  of  *'i^'  ccrcbeliuiJi.  Viewed  as  a  development  upon  the  crura 
iheccreijeiiuni.  ccreljclU,  it  iiiay  be  dciicnbed  as  consisting  of  a  median  lobe 
and  two  hemispheres ;  the  former  is,  however,  found  existing  alone  in  fish-^ 
es  and  reptiles,,  the  latter  being  subsequently  added  in  the  higher  tribes. 
From  the  central  column  of  each  hcmigphere  white  fibrous  ^jlanes  arc 
given  otf,  and  from  these,  again,  secondary,  and  again,  tertiary  pluncs 
proceed.  The  planes  are  covered  with  vesicular  matter,  and  thus  give 
rise  to  the  appearance  spoken  of  hi  the  preceding  paragraph,  in  the  exte- 
rior examination  of  the  cerebellum,  as  primaiy  and  secondary  lissures. 
They  are  lined  with  pia  mater.  The  median  lobe  is  formed  on  the  same 
plan.  Ita  hbrous  stem  comes  from  the  proccasua  cercbclli  ad  testes,  or, 
more  propi^rly,  from  the  optic  thalamus.  The  weight  of  the  cerebellum, 
oomparcd  with  that  of  the  cerebrum,  ia  usually  stated  as  being  about  1  to  8. 

lluch  diversity  of  ojictiion  prevails  respecting  the  true  function  of  the 
cerebellum,  some  supposing  that  it  la  the  centre  of  common  sensation, 
others  that  it  is  for  the  purpose  of  co-ordinating  muscular  movement, 
and  others  thnt  it  is  the  seat  of  sexual  instinct 

That  the  cerebellum  is  one  of  the  sensoiy  ganglia  may  be  infciTcd  from 
Fnnctioii  of tli&  ^he  Listoiy  of  its  development  and  ita  anatonncjil  connec- 
cercbciium,  tions.  Its  median  lobe  is  the  tirst  to  appear,  as  in  fishes, 
and  the  hemispheres  arise  subsequently  as  appendages  therclo,  as  in 
birds.  The  size  whicli  these  eventually  attain  gives  them  a  deceptive 
prominence^  and  hides  their  subordinate  character.  Regarding  the  lobe, 
therefore,  as  the  essential  and  fundamental  portion  of  tJic  structure,  the 
significance  of  its  cerebral  connection  with  the  tlialamus  tlirougli  the  pro- 
ceBBUfl  ad  testes  is  too  obvious  to  be  overlooked.     As  by  this  ita  senso- 
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ry  cJiaracter  is  diBplayed,  ao  "the  saiDe  holds  good  for  the  hemiBpheres, 
their  relations  with  the  spinal  cord  through  the  restiform  bodiea  being 
also  of  a  aensoTy  nature.  It  seems  probable  that  the  superficial  vesicu- 
lar material  is  in  anatomica^l  connection  with  the  thalamus,  and  the  cor- 
pus dentatum  or  inner  ganglia  with  the  posterior  or  sensory  columns  of 
the  coriL 

The  argnments  which  have  been  brought  forward  by  those  who  sup- 
pose the  ccrebeUum  to  have  fot  its  office  the  co-Onliuation  of  The  dortrine 
general  muscular  movement,  may  Iw  briefly  quoted  as:  tbl-  j^^*^,"  '"'^ij''r 
lows  :  There  appears  to  be  a  general  correspondence  between  moiinu. 
its  size  and  the  degree  of  energy  and  complication  of  the  motor  powers 
in  various  animals.  Thus,  it)  Hshes,  and  likewise  In  birds,  those  tribea 
which  excel  m  their  jxiwera  of  motion,  or  are  distinguished  by  the  com- 
plication of  their  movements,  are  characterized  by  the  manner  in  which 
this  organ  is  dcvelojxd  ;  and  the  same  may  be  said  even  of  the  mamma- 
lia, quadrupeds  whose  locomotive  mechanism  is  simple  poasesaing  it  in 
a  lower  state  of  development  than  those  which  either  temporarily  or 
constantly  move  on  the  posterior  extremities.  Among  apes,,  tlioae  which 
more  frequently  assume  the  erect  postiUTi,  which  is  normal  to  man,  have 
their  cerebellum  of  a  size  more  closely  approaching  to  h[g. 

On  examining  such  facts,  it  apj:>oars  that  it  is  not  so  much  muscalar 
power  as  the  quality  of  co-ordinating  and  govnming  minute  muscular 
motions.  To  maintain  the  standing  position  motionless,  tiicre  are,  in  re- 
ality, a  great  many  muaeulnr  movements  required,  which  serve  to  antag- 
onize all  the  little  incidents  producing  a  tendency  to  fall;  and  if  this  be 
80  in  atandJng*  how  much  more  dirticult  must  such  antagonizing  and 
compensating  actions  become  in  walking,  running,  and  such  movements. 
Theoretically,  it  might  be  expected  that  some  8[>ccial  organ  is  necessary 
to  combine  such  various  actions,  and  that  organ  seems  to  be  the  cere- 
bellum. 

In  confirmation  of  this  are  the  experimental  results  which  have  been 
obtained.  The  cereljellum,  on  irritation,  gives  rise  to  no  iii;i.iiil(^  i>f  ex- 
convulsive  motions,  nor  to  sensations.  If  removed  by  dc-  [ii^J^J^JJJi^ 
grees  in  successive  slices,  the  motions  of  the  animal  become  '"Jn- 
irregular,  and,  Hnally,  it  loses  all  power  of  walking  or  of  maintaining  its 
equilibrium.  Though  the  powers  of  the  animal  in  bringing  its  muscles 
into  contraction  seem  not  to  have  suffered,  it  can  not  co-ordinate  or  com- 
bine the  necessar)'  muscular  exertions,  and,  as  is  graphically  stated,  stag- 
gers and  falls  over  like  a  drunken  man,  still  making  eflbrta  to  maintain 
its  balance.  Such  esjieriments  have  been  repeatedly  made  in  the  case  of 
different  animals,  and  with  the  same  results. 

Connected  with  these  results  of  experimental  lesions  of  the  cerebelluna 
are  the  rotations,  as  they  are  termed,  which  occur,  for  example,  when  one 
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RouiymotiooB  of  the  crura  cerebelli  is  cut,  the  animal  rolling  upon  its  lon- 
ofBuiitiaia.  gitudinal  axis  for  a  long  time  and  with  great  rapidity. 
From  such  facts,  it  has  therefore  Ijeen  coiieluded  that  the  t'unctioii  of  the 
©erebelluin  is  neither  for  sensation  nor  intellection,  nor  ia  it  the  source  of 
voluntary  movements,  but  that  it  is  for  the  government  or  control  of 
combined  muscular  action.     This  is  the  view  of  IL  Flourens. 

M.  Foville  supposes  that  the  cerebelliim  ia  for  the  perception  of  the 
Doctrine  that  sensations  derived  from  the  muscles,  and  enabling  the  mind 
ccretujihim  i»  to  exert  a  guiding  action.  The  facta  which  8up|)ort  tlie  pre- 
lion  of  nm«n-  Ceding  view  support  this  also,  there  beings  moreover,  in  this 
lar  aensaiidn,'.  case,  an  additional  argument  derived  from  the  connection 
which  the  cerebellum  has  been  shown  to  maintain  with  the  sensor}'  col- 
nmnH  of  the  cord,  and  the  pain  experienced  on  irrJtatitig  the  restilbrm 
columnsa  It  has  like^nse  been  jjointcd  out  that  tliis  ]t_i-|)o thesis  illus- 
trates the  connection  between  the  cerebellum  and  the  optic  jjanglia,  as  if 
it  were  for  the  purpose  of  bringing  the  organs  of  eight  to  the  aid  of  this 
co-ordination  of  inuscuhir  motion. 

A  third  hypotJiesiai,  to  whicli  allusion  has  been  made,  ia,  that  the  cere- 

„  .        bellum  is  the  oreun  of  sexual  instinct,  or  of  amativeness,  as 

Doctnne  UiHt  '='  .  mi  ■  i  ■    t 

it  ia  iho  oTKnn  it  13  termed  by  plircnologt^ts.  The  evidence  ot  this,  when 
ofwnaUveneas.  f^jpjy.  examined,  is,  however,  very  far  from  affording  a  full 
proof;  indeed,  in  many  instances  the  facta  arc  in  direct  opposition  to 
the  doctrine-  In  castrated  animala  the  cerebellum  undergoes  no  dimi- 
nution. There  is  no  coincideucc  between  the  intensity  of  that  instinct 
in  the  difTcrcnt  animal  triiwa  and  the  degree  of  development  of  this  or- 
gan ;  and  where  it  has  been  in  a  diseased  condition,  there  has  not  been  a 
neecsaary  correspondence  between  the  lesion  and  the  loss  of  the  instinct. 
Thia  view  of  the  function  of  tlic  cerebellum  ia  connected  with  the  doc- 
trine of  special  localization,  or  phrenology,  which  may  therefoi'C  be  here 
briefly  considered ;  the  general  expression  of  thia  doctrine  being  that  par- 
ticular regions  of  the  brain  are  devoted  to  BpecitJ  functions, 
■ '  and  that  by  an  inspection  of  the  exterior  of  the  cranium  men- 
tal peculiarities  may  be  detected,  Drs.  Gall  and  Spiurisheiin  considered 
that  this  view  ia  supported  by  the  fact  that  the  specialization  of  function 
in  the  brain  is  agreeable  to  the  general  mechanism  of  the  system,  in 
which  particular  organs  arc  charged  wilh  particular  duties;  that,  in  any 
individual,  the  mental  powers  are  not  equally  or  proportionally  developed, 
but  some  at  one  and  some  at  another  period  of  lite,  and  so  likewise  of  their 
decline,  aome  remaining  at  their  original  sti-ength,  while  others  may  liave 
Argujiionta  in  becouie  scriously  impaired.  It  doea  not  appear  how  sucli 
CLtnont*'  *'^^*^  '^'^  ^^  explained  upon  the  hypothesis  that  the  whole 
funaions.  brain  acts  as  a  unit.  They  may  be  readily  understood  if  it 
be  supposed  to  act  by  parts  which  are  developed  in  succession.     The 
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same  <;onclaaion  ia  arrived,  at  from  wdJ-known  facta  connected  with  in- 
sanitj,  in  wliich  it  very  frequently  happens  that  some  of  the  faculties 
alone  are  derangotl,  while  tlie  others  retain  their  power^  and  aonie  may 
even  become  more  perfect  than  before;  so,  likewise,  in  dreaming,  some 
of  the  faculties  retain  their  activity,  while  others  have  become  torpid; 
and  sOt  likewijae,  when  different  individnalii  arc  compaved,  some  exhibit  a 
superiority  in  one,  and  some  in  anotlier  mental  particular ;  and  it  is  afh 
serted  that  where  the  same  peculiarity  hag  predominated  in  different  in- 
dividuals, it  has  always  been  attended  by  an  unusual  devplopment  of  a 
special  locality  of  the  brain.  Nor  is  there,  in  these  views,  any  thing  that 
Btand.^  in  contradiction  to  the  general  plan  upon  which  the  nervous  sys- 
tem itself  is  constituted^  as  is  manifested  by  the  different  sensory  gan- 
glia for  vision^  hearing,  or  amcll,  or  the  arrangement  for  motion  or  sensa- 
tion presented  by  the  ppinal  cord ;  and,  moreover,  they  are  supported  by 
the  comparative  anatomy  of  thifi  system ;  for>  whatever  grade  of  animal 
life  we  may  consider,  the  appearance  of  a  new  function  or  of  a  new  in- 
stinct ia  certain  to  be  connected  with  a  new  and  contemporaneous  devel- 
opment of  some  part  of  the  nervous  Rystem. 

The  facta  which  have  been  observed  in  cases  where  one  cerebral  hcin- 
isphere  has  either  suffered  lesions  or  lost  its  functions,  do  not  present 
any  contradiction  to  the  preceding  doctrines;  for,  though  the  remaining 
hemisphere  may  acem  to  act  equally  well  alone,  as  did  both  together,  we 
are  veiy'  apt  to  deceive  oargeh't-s  as  regards  the  actual  facts,  a  statement 
which  may  be  illustrated  by  recollecting  how  easily  wo  persuade  our- 
selves that  wc  see  with  one  eye  as  well  as  with  tv;-n.  No  doubt,  in  many 
of  the  ordinary  cases,  one  hemisphere  of  the  brain  may,  like  one  eye,  seem 
to  act  well  enough,  but  a  more  critical  examination  proves  that  in  other 
cases  this  is  far  from  being  true.  That  the  two  hemiispheres  act  sever- 
ally and  separately  is  clear  from  what  somethnes  ensues  in  diseased  con- 
ditions of  one  of  them,  or  when,  perhaps,  there  is  a  want  of  symmetry 
between  thein,  those  remarkable  forms  of  mental  derangement,  aome- 
times  known  under  the  designation  of  double  life  or  duality  of  mind, 
then  ensuing. 

In  man,  the  weight  of  the  brain  averages  aljout  fifty  ounces ;  in  fe- 
males, about  forty-five;  the  maximum  being  about  sisty-four,  Weistit  of  the 
and  the  minimum  about  twenty;  in  the  case  of  idiots,  the  i*'*'"- 
mean  specific  gravity  of  the  gray  matter  is  stated  by  Dr.  Sankey  to  be, 
in  both  sexes,  l.OM,  but  somewhat  le?«s  early  and  late  in  life.  The 
specific  gravity  of  the  white  is  1.041,  and  this  varies  less  with  acx  and 
time  of  life  than  the  former. 

The  functional  activity  of  the  brain  depends  on  the  copious  supply  of 
arterial  blood.  It  is  computed  that  one  fifth  of  the  whole  quantity  in 
the  circulation  is  sent  to  this  organ.     It  is  delivered  tlirough  the  two 
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o  ,^  .  internal  carotid  and  two  vertebral  arteries.  The  irapetua  of 
blood  "to  tbe  the  current  is  checked  hy  the  ainuous  course  these  vesaela 
brain.  Xake^  or  hy  their  breaking  promptly  into  capillary  Itranclies, 

A  freedom  of  anastomosis  among  them,  as  is  well  displajeJ  in  the  cirde 
of  Willis^  afforda  abundant  provisimi  for  accidental  stoppages  or  re- 
straints. 

Although  the  brain  in  inclosed  in  an  unyielding  cavity,  it  is  subject  to 
.  .  the  pressure  of  flie  air,  a  fact  which,  though  it  has  been  do- 
presiurauniha  nied  by  some  physiologists,  followa  from  ordinary  physical 
principles.  And  since  the  quantity  of  blood  present  at  any 
moment  in  the  organ  varies  with  the  contemporaneous  functiouid  activ- 
ity^  being  greater  as  that  activity  is  greater,  the  cerebro-spinal  fluid  also 
varies  in  amount.  Through  this  fluid  an  equalily  of  prf-ssurc  la  there- 
fore insured,  no  matter  what  may  be  the  quantity  of  blood  in  llic  brain- 

The  cerebro-spinal  fluid,  tho  quantity  of  which  has  been  estimated  at 
Cei^hro-jpinai  two  ouuccs^  13  readily  absorbed  and  as  readily  reproducci 
fioia.  'j'jjg  3(,j  of  adjustment  between  it  and  the  blood  requiring  a 

certain  period  for  its  completion,  the  brain  can  not  instantaneously  be 
brought  to  its  maximum  action.  Thus,  as  all  persons  observe,  when  we 
undertake  any  unusual  inteOectual  duty,  there  is  a  certaui  preparatory 
period  to  be  passed  through^  as  the  common  espiTcssion  ia>  '■'  for  compos- 
ing the  thoughts." 

Pressure  upon  the  brain,  either  applied  mechanically  or  through  acci- 
Eflbct  nf  me-  dental  effusiona,  produces  at  once  functional  inactivity,  prob- 
cbanit-ai  pros-  ^jjjy  |,j  inteifejeuce  with  the  due  circulation  of  the  blood; 
thunges  in  the  aJ>d,  lu  like  manner,  any  marked  change  in  the  chemical  re- 
blood,  lationa  of  that  fl^uid  exerts  on  the  brain  a  corresponding  ef- 
fect. Thus,  when  oxygen  gaa  is  breathed,  or,  still  better,  protoxide  of 
nitrogen,  which  ia  more  soluble  in  the  blood,  the  processes  of  intcUcctioti 
go  on  in  an  exaggerated  way,  and  ideas  in  rapid  succeesion,  and  in  unu- 
sual forms  of  combination,  flit  througli  the  mind;  but,  as  the  consequence 
of  this,  since  the  lungs  can  not  remove  with  the  necessor}^  promptness 
the  carbo]iic  acid  which  is  arising,  the  narcotic  cffccta  of  that  body  arc 
soon  experienced ;  and  this  is  also  the  case  in  alcohoHc  intoxication.  In. 
the  advanced  stages  of  which  the  accumulation  of  carbonic  acid  in  the 
blood  gives  rise  to  the  same  result. 

That  different  regions  of  the  brain  have  independent  though  mutually 
Effbr^cofjiM  cammissured  faculties,  is  fully  established  by  the  phenomena 
dott  uAhe"  ^^'  ^^^  nerves  of  sense,  nor  can  there  be  any  doubt  that  these 
brain.  differences  of  physiological  function  are  directly  dependent  on 

differences  of  anatomical  structure.  It  is,  indeed,  to  structural  differences 
that  we  should  impute  tlie  greater  or  less  efficiency  of  the  whole  organ, 
as  much  as  to  differences  of  its  weight.     liccause  of  a  higher  elaboration. 
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the  brain  of  one  person  may  be  more  energetic  than  that  of  another^  even 
though  its  Tij'eigiit  may  be  lesa*  It  in  not  to  be  denied,  however,  tiiat  there 
is  a  connection  between  mental  power  and  the  quantity  of  cerebral  matter, 
when  individuals  of  the  same  kind  are  com^iared,  or  that  in  the  animal 
seriea  the  pa/chical  powers  decline  as  the  cerebrum  diminishea  in  size. 

Few  topit:3  arc  more  worthy  of  the  attention  of  the  phyaiologist  than 
that  of  the  variable  p§ychiciil  powers  of  man,  and  yet  few  have  r,  ^  n  bl 
been  more  overlooked.      By  variable  psyciiical  powers  I  mean  paj-chicdi 
those  periodicities  of  increase  and  diminution  in  our  intellect-  P'^*^"- 
ual  eftiLiiency,  which  may  be  noticed  not  oidy  in  diaeased,  but  alM  in 
healthy  states.     On  the  principles  we  have  presented,  these  find  their 
explanation  in  the  temporary  physical  states  of  the  organ,  such  as  its 
condition  of  repair,  ils  existing  facility  for  oxidation,  and  the  constitutioa 
of  the  blood  as  lespccts  a  proper  arterialization. 

The  most  striking  structural  eharactcristic  of  the  nervous  aystem  ia  its 
symmetrical  doublenes3,  the  cranial  and  spinal  nerves  com-  Symmetrioa 
me  forth  by  pairs  to  tJieir  distribution  on  the  ri'dit  and  left   ''^"''l«"««  *f 
Bidea  of  the  body.     Tiie  manner  of  development  from  the  wm. 
flpuial  axis  laterally  implies  auch  a  construction,  and,  indeed,  gives  ori- 
gin to  two  halvea  ao  e<[ual  and  alike  that  it  haa  oi>eu  been  said  each 
person  constats  of  two  separate  individuals.     Examining  those  organs 
whieh,  by  reason  of  the  elaborateneaa  qf  their  niechaniym  and  principles 
of  action,  enable  ua  to  dctenuine  with  satisfactory  pre<zi;sion   -      .      , 
the  function  discharged  by  each  one  of  the  members  of  the  eucii  laicral 
pair,  as  in  the  case  of  the  eye  or  the  ear,  we  may  come  to  the  '^''^''"■ 
following  conclusions :   Each  ia  a  distinct  organ   in  it'^elf,  capable  of  its 
meeting  the  requirements  of  the  economy  in  a  sufficiently  satisfactory 
manneri  and  therefore  forms  a  distinct  whole ;  but  the  pair  can  likewise 
act  simultaneously,  re-enforcing,  to  a  certahi  degree,  each  oth- 
er*s  power,  though  in  this  double  action  there  by  no  means  douWt^  nr(;«i* 
ariiies  a  double  mtensity  of  effect.     The  closure  of  one  car   '^t""*  '^"^^^ 
to  a  sound  does  not  diminish  the  loudness  by  one  half,  nor  cronsc  tbcir 
does  the  shutting  of  one  eyj  reduce  to  one  half  the  bright-  P'^'^'*^'"'- 
nesa  of  alight;  but,  though  tliere  is  not  such  a  doubling  of  effect  when 
both  eyes  or  both  ears  are  employed,  there  is  a  degree  of  precision  in  the 
reatdting  indication  which  is  not  to  be  gained  by  the  use  of  one  of  these 
organs  alone.     In  such  a  double  organ,  tlicn,  the  result  is  not  so  timch 
a  heightening  ol'the  final  impression  as  the  giving  to  it  of  a  ^eater  de- 
gree of  precision. 

Moreover,  each  organ  seems  to  ejtert  a  compensating  in6uence  over  its 
fellow  in  any  deficiencies  or  im[x:rfections  it  may  possess,  ComiH^nMiiion 
Thus  it  is  rare  that  both  eyes  arc  of  an  equal  optical  good-  of 'l'^^^^''- 
neasj  as  most  individuals  will  find  on  making  a  personal  oxammaf ion ; 
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but  in  vision  with  both  eyes  the  faults  of  the  raorc  iniperiect  one  arc 
■merged  in  the  indications  of  tlie  betteft  and  the  same  might  he  remark- 
ed of  the  e.tr ;  from  which  it  would  appear  tliat  this  doublcnesa  of  or- 
gans is  rather  for  the  purpose  of  introducing  a  principle  of  compensation 
than  one  of  conspiring  action,  the  object  intended  to  be  gained  being  a 
jufltnesa  of  perception  rather  than  an  increase  of  ettect. 

These  obsen'ationa  applj  to  double  organs  in  their  normal  states^  or, 
Effect  of  tern-  if  not  their  normal,  their  habitual  ones;  but  if  to  the  eye, 
porofj  d]*iurtM  f^j.  example,  a  temporary  diaturhance  ia  given,  aa  by  press- 
man, urc  which  renders  its  optical  axis  obHque,  the  fellow  orgaTi 
being  permitted  to  retain  its  usual  position,  double  sight  ia  the  result. 
It  is  true  that,  in  the  habitual  divergence  of  strabismus,  such  is  not  the 
effect*  one  of  the  images  disappearing,  or  perhaps  the  mind,  accommotiat^ 
ing  itself  to  the  habitual  condition,  combinca  the  two  into  one.  Theae 
circumatftnces  indicate  that  each  member  of  a  double  organ  can,  under 
conditions  of  disturbance,  cxerciae  an  independent  arid  even  opposing  ac- 
tion to  its  fellow. 

It  has  by  some  been  supposed  that  the  mind  pays  attention  to  the  ira- 
Theindiriuiaus  preasions  cjf  only  one  of  the  pair  of  organs  at  a  time  ;  thus, 
of  one  «'^*"  that  we  see  the  images  furnished  by  only  one  eye,  though  we 
Btaiime.  can  With  Very  great  quickness  direct  attention  to  those  fur- 

nished by  the  other,  and  therefore,  deceived  by  the  rapidity  with  which 
this  alternation  of  attention  can  be  accomplished,  our  belief  in  the  syn- 
chronous use  of  both  organs  ia  an  error.  If  two  differently  colored  ob- 
jects, such  aa  differently  tinted  wafers,  be  so  placed  as  to  be  separately 
and  yet  simultaneously  viewed  by  both  eyes,  the  mind  vainly  attempts 
to  combine  the  two  images  together.  We  do  not  see  the  resulting  form 
of  a  green  tint,  but  we  sec,  aeeording  aa  our  attention  ia  given  to  the 
right  or  left,  a  blue  or  a  yellow,  if  these  have  Ijeen  the  colors  of  the  wa- 
feri,  and  these  colora  can  quickly  merge  into  one  another,  like  dissolving 
111  us  irn  live  Views.  There  is  a  simple  experiment  which  aen-es  to  support 
expeiimeiit.  ^hiB  vicw,  and  which  any  one  may  readily  make.  If  the  open 
Imnd  be  placed  along  the  nose,  60  as  to  divijje  the  right  eye  from  the  left, 
and  we  look  upon  the  surtace  of  a  uniformly-illuminated  sheet  of  paper 
covered  with  writing,  it  will  be  found  that  we  can  only  rcjtd  with  one 
eye  at  a  time,  but  that  the  mind  can  with  great  rapidity  determine  which 
eye  it  will  uae^  In  this  little  experiment,  we  have,  moreover,  the  means 
of  estimating  the  relative  aensxtiveneaa  of  the  two  eyes,  and  other  of  their 
optical  peculiaritica  ;  thus  it  will  be  commonly  remarked  that,  though  the 
paper  be,  as  wc  have  said,  uniformly  illuminated,  that  part  of  it  which  is 
regarded  by  one  eye  ia  brighter  than  tliat  seen  by  the  other,  this  being 
due  to  a  difference  in  their  sensibility.  It  will  alao  frequently  occur 
that  the  two  portions  of  the  page  will  present  difierent  shades  of  tint, 
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the  one,  [wrliapa,  being  a  faint  greenish  gray,  while  the  other  is  of  a  ycl- 
loivTsh  white,  the  proper  color  given  to  it  hy  the  candle  or  lamp  hy  which 
it  ia  seen. 

In  this  feature  of  double  construction  the  brain  itself  participates,  pre- 
senting a  right  and  left  half  approaching  one  another  in  form,  without 
being  absolutely  identical.  Much,  theretbre,  of  what  has  been  eaid  re- 
Bjtecting  the  mutual  relations  of  the  right  and  left  eye,  and  the  right  and 
left  ear,  must  apply  to  the  right  and  left  hcmifipheres  of  the  brain  5  and 
it  is  under  this  point  of  view  that  Dr.  Wigan  has  regarded  it  in  j^^^  ^^^^^ 
his  work  on  the  Duality  of  the  Blind.  Nor  can  there  lie  any  iiriionofeHctt 
doubt  that  each  hemispliere  is  a  distinct  organ,  having  the  '"'"^^'^rl'*"- 
power  of  carrying  on  its  liinclions  independently  of  ita  fellow;  that,  though 
each  can  thus  act  separately,  both  can  act  simultaneously;  and,  judg- 
ing from  the  cases  that  have  just  been  presented,  it  would  seem  that  we 
are  justiHed  in.  inferring  that  the  common  action  of  the  two  hcniisjiheres 
19  not  for  the  piu-pose  of  a  heightening  of  effect,  but  only  for  greater  pre- 
eision,  and  that  in  the  same  manner  aa  it  ia  a  rare  thing  to  tiud  two  eyeji* 
or  two  ears  of  equal  goodness,  so  also  it  is  unusual  to  have  two  hemi- 
spheres which  are  preci&ely  alike.  The  defects  of  the  one  may  ipj„|,(,riiina- 
Le  compensated  by  the  superiorities  of  the  otheri,  and  thus  rinn  <jf  one 
a  mean  result  be  attamed ;  and  as  one  eye  or  one  ear  can, 
under  the  proper  circnm stances,  oveipowcr  itg  fellowt  so  likewise  can  one 
henii.sphcre  of  tlie  brain,  except  in  certain  cases,  which  have  been  some- 
what imaginatively  dcacrUjed  as  irisubordination  of  one  of  the  hemi- 
spheres, when  insanity  is  the  result,  the  licalthy  half  being  unable  to 
control  the  diseased  one ;  and  for  thia  reason,  we  often  ohsene  of  the 
insane  that  they  liave  aynclironously,  or,  at  all  events,  in  a  very  rapid  al- 
temationt  two  distinct  trains  of  thought,  and,  consequently,  DoubJu  train  of 
two  distinct  qtterancea,  each  of  which  may,  so  to  speak,  Ijc  ^•^"i^^'^'- 
perfectly  contimioufl  and  even  sane  by  itself,  but  the  incongniitiea  that 
arise  from  the  mingling  of  the  two  betray  the  condition  of  such  persons. 
In  thia  case  doublenes^  of  action  is  Been  in  its  most  exaggerated  aspect, 
but  in  a  less  degree,  it  may  he  remarked,  in  tiie  thinking  ojHjrationa  of 
those  whose  minds  are  perfectly  sound.  Thus  there  ia  no  student  but 
must  have  obser\'^ed,  when  busily  engaged  in  reading,  that  his  mind  will 
wander  otF  to  other  things,  though  he  may  mcclianically  cast  his  eyes 
over  page  after  page ;  and  the  same  may  occur  in  listening  to  a  lecture 
or  sermon.  But,  though  the  insane  man  may  indulge  in  two  synchro- 
nous trains  of  thought,  he  never  indulges  in  three,  for  tlie  simple  reason 
that  he  has  not  three  hemispheres  to  do  it  with,  the  same  remark  apply- 
ing to  tJic  Bane  man  in  the  accidental  wanderings  of  his  thoughts- 

The  overcoming  of  thia  insubordination  of  one  of  the  hemispheres  may, 
to  a  very  considerable  degree,  be  accomplished  by  education,  of  which 
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Eflfeft  of  wlii-^  one  of  the  chief  results  is  that  it  exercises  us  in  ihe  habit  of 
Mtian.  thinking  of  one  tiling  at  a  time,  of  ihiuJiing  therefore  witL- 

oat  confusion,  and  of  arriving  at  conclusions  with  precision  and  decision. 
And  theae  considemtions  should  also,  in  Dr,Wigan*3  view»  be  our  ciiiei" 
guide  in  the  cure  of  insanity,  doing  all  in  our  power  to  invigorate  tiie  ac- 
tion of  the  healthy  heniispliere,  and  enable  it  to  subdue  the  insubordina- 
tion of  the  diseased  one.  If  both  lieuii spheres  are  diseased,  the  oase  is 
almost  hojwleas. 

Of  the  independent  and  yet  complete  action  of  eacli  of  the  cerebral  hem- 
p  .^  .  isplicres  wc  have  abundant  and  interesting  proof.  Alental 
Qfn  wii«Ib  operations  can  Iw  carrit'd  on  in  a  profoundly  diseased  state  of 
eniiati  ere.  ^^^  of  these  organa,  as  multitudes  of  well-authenticated  cases 
attest — nay,  even  wlien  the  kaion  lias  gone  so  far  as  to  amount  to  an 
absolute  and  entire  disorganization  of  one  of  the  hemispheres.  SiinUar 
evidence  is  also  funiished  by  thoae  interesting  cases  in  which,  by  accident, 
as  by  gnni^hot  wound,,  destruction  of  one  side  has  occurred. 

Kven  in  a  state  of  health  we  have  numerous  examples  of  this  inde- 
pendent  action  of  each  hemisphere.  Wliile  engaged  in  ordi- 
itonofihetwo  narj''  pursuits  which  imply  a  continued  lucntaL  occupation, 
emispicrua.  ^^  ^^^  Occasionally  troubled  with  suggestions  of  a  ditlerent 
kind.  A  strain  of  music,  or  even  a  few  notes,  may  be  perpetually  ob- 
truding, and  sucli  an  occurrence  we  could  scarcely  explain  save  upon  the 
principle  of  the  separate  action  of  these  organs,  tijc  one  interfering  with 
the  other.  That  precision  which  we  liavc  remarked  as  arising  from  the 
conjoint  use  of  two  eyes  and  two  ears  ia  doubtlcsa  also  attained  where 
the  two  heraisphetcs  are  acting  in  unison.  AVe  can,  moreover,  volunta- 
rily permit  one  to  rest  while  tlie  other  continues  its  duty,  as  we  can  vol- 
untarily make  use  of  one  eye,  dii-^regarding  ihe  indications  of  the  otjier; 
but  where  it  is  necessary  to  execute  a  critical  comparison  or  arrive  at  an 
accurate  judgment  of  things,  both  hemispheres  are  brought  into  action, 
as  are  both  eyes  when  we  intently  consider  an  object. 

Among  other  phenomena.  Dr.  Wigan  calla  attention  to  the  operation 
Caailfl-  ol  castle- building,  as  it  is  designated,  as  illustrating  the  voluntas 
buiWitifi.  ^y  manner  in  which  we  permit  one  hemisphere  to  act,  presenting 
fanciful  delusions :  the  other,  as  it  were,  watching  with  satisfaction  the 
operation,  and  in  this  respect  lending  itaeif  to  it.  Not  that  for  a  moment 
we  suppose  there  ia  any  truth,  in  the  ideas  su^ested,  and  in  this  the 
phenojnenon  dlH'cra  essentially  from  that  of  dreaming,  in  which  it  never 
occurs  to  us  that  the  scenes  and  actions  are  unsubstantiaL 

Still  more  strikingly  do  thoac  singular  cases,  which  from  time  to  time 
DoaMeorai  P^^^"'^  tliemselvcs  to  the  physician,  of  double  or  alternate 
(emuetun-  consciousness,  illustrate  this  isolated  function  of  the  hemi- 
•L-iouBuess.      gptierga.     In  eome  of  these,  whicb  have  been  carefully  ob- 
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served  and  authentically  recorded,  each  of  these  portions  of  the  brain  lias 
conliiiuLd  its  action  for  a  period  of  daya,  or  even  weeks,  and  llieii,  relaps- 
ing into  a  f^uieacent  state,  hae  been  succeeded  by  the  other,  thus  preseiit- 
ing  in  some  degree  an  analogy  ot"  what  is  observed  in  ordinary  cases  of 
insanity,  so  far  as  tiie  reciprocating  action  of  the  two  organs  is  concerned, 
but  differing  in  the  period  of  duration  of  their  tiinction  ;  and  thus,  if  one 
of  them  siiould  have  undergone  deterioration*  or  have  suffered  lesion,  so 
that  it  has  been  reduced  to  what  iniglit  be  termed  an  infantile  state,  the 
iinpre;^&iona  formerly  stored  np  in  it  having  been  for  the  most  part  lost, 
or  there  being  an  incapacity  in  it  to  make  use  of  t!inn,  tiie  patient  wijl 
iJternately  exbibit  what  has  been  aptly  tenned  child  life  and  malure  life. 
For  a  few  daya,  or  ji^rliapa  weeks,  lie  will  conduct  liiniself  in  the  ordi- 
nary manner  of  an  adult,  reading,  reasoning,  and  acting,  and  then,  for  a 
similar  [jeriod,  will  pass  into  a  condition  in  which  he  does  not  even  know 
his  letters,  and  reasons  and  ads  like  a  child.  Tiieae  phenomena  of  al- 
ternate and  double  intellection  are  interesting  in  the  highest  degree,  and 
seem  to  be  explicable  on  no  other  principle  than  that  which  this  author 
su^eats. 

But  I  do  not  think  that  the  explanation  which  he  offers  of  the  senti- 
ment of  pre-existencc  is  correct.  Uy  this  term  is  under-  Scninnciit  of 
etood  that  strange  impression,  winch  all  persona  have  occa-  j"'i:-'.'xisi«iice. 
sionally  observed  in  the  course  of  their  lives,  that  some  incident  or  scene 
at  the  moment  occurring  to  them,  it  may  be  of  quite  a  trivial  nature, 
has  been  witnessed  by  them  once  before,  and  is  in  an  instant  recognized. 
Though  this  opinion  that  we  have  seen  a  present  incident  once  before 
sometimes  occurs  in  cases  where  Ihe  circumstances  are  of  profound  in- 
terest fo  ns,  the  experience  of  most  i>eraons  assures  us  that  it  is  more  fre- 
quently in  trivial  events.  Dr.  Wigun's  view  is,  that  it  arises  from  the 
almost  contemporaneous  action  of  the  two  lie  mi  spheres,  and  that,  under 
the  circumaianccs,  we  iiave  a  confusion  of  memory,  and  are  led  to  be- 
lieve that  tliere  has  been  an  interval  of  indefinite  duration,  when,  iu 
point  of  fact,  it  was  an  impression  in  each  hcmispliicre  closely  coincident 
in  point  of  time.  Tliis  explanation  turns  on  the  assumption  that  this 
sentiment  of  pre^xiatence  occurs  but  once*  He  denies  that  we  ever 
suppose  that  we  have  seen  the  thing  tw^ice  before.  But  I  believe  that 
the  experience  of  many  individuals  Assures  tliem  that  tins  is  not  the  case, 
and  that  they  are  under  a  firm  [jersuaeion,  that  they  have  witnessed  the 
same  incidents  more  than  once  before,  nay,  perhaps  even  many  times. 
The  instance  whicli  this  author  fumiaiies  as  occurring  to  himscUi  in 
which,  on  the  occasion  of  attending  the  funeral  of  an  cxahed  personage, 
and  at  the  time  of  the  coffin  being  deposited  in  the  vault,  with  the  strik- 
ing solemnities  of  the  occasion  there  rushed  upon  his  mind  the  idea  that 
he  had  been  present  at  this  same  scene  once  before,  a  thing  which  was, 
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of  course,  an  impossibility,  is  verj*  instructtye.  Bat  the  tlifficultj  in  the 
way  of  Ills  Iiypotheaia  lies  in  the  fact  that  it  offers  U3  no  explanation  of 
those  cases  in  which  we  are  perfectly  persuaded  that  we  have  witnessed 
the  thing  more  than  once  before,  though  it  may  answer  in  the  particular 
.  ^  f  true  i"3*''^"ce  here  cited.  Perhaps  we  may  appropriately  recall  the 
perepiniou  of  wcli-known  fact  offered  to  us  in  dreaming,  and  to  which  at- 
''"''  tention  hereafter  will  be  more  particularly  directed,  that  there 

are  circumstances  under  which  our  mental  operations  are  carried  forward 
with  the  most  marvelous  ejieed.  Thus  a  sudden  sound,  which  awakes 
U8,  or  even  a  flash  of  lightning,  which  is  over  in  a  moment,  may  be  in- 
corporated or  expanded  into  a  long  droam,  diversified  witli  a  various 
multitude  of  incidents,  all  appearing  to  follow  one  another  in  an  appro- 
priate order,  and  occupying^  as  we  judge,  quite  a  long  time,  yet  all  nec- 
essarily arising  in  an  instantaneous  manner,  for  wc  awake  at  the  moment 
of  the  disturbance.  (X  the  same  kind  is  tiiat  remarkahle  deception, 
which  is  authentically  related  by  those  who  have  recovered  from  death 
by  drowning,  that  in  the  last  moment  of  their  agony  all  the  various 
events  of  their  past  life,  even  those  of  a  trivial  kind,  have  come  nishing 
before  them  with  miraculous  clearnesa.  Mental  operations,  therefore, 
both  aa  regards  old  reeollectiona  and  new  suggeations,  may  take  effect 
with  wondertul  rapidity,  and  if  the  sentiment  of  pre-existence  is  to  be 
explaicicd  on  the  principle  of  the  double  action  of  the  brain,  it  must  like- 
wise be  dependent  upon  the  fact  here  presented. 
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CILVPTER  XVII. 

OF  THE  CRA^^AL  XER\'ES  A:iill  THE  GREAT  STStPATnETlC. 

£iiunvvirt<cin  af  ihf  (yrnnal ^ovtM. —  TTtf  J^ird  P^iir,  or  Of^lo-moinr. —  Th*  f-^aurt/i  Pair,  or  Pa~ 
tfielin. —  Thr  Ft/ih  Pmf,or  Tri^/emiiti. —  77ie  .SulA  J^tlf,  or  AMucenha. — Ill^tnttiam  of  On 
"rhifrt,  Foarth,  f-l/^h,  ami  fiisth  fairg. —  The  .Semth  Pair,  or  J-'iieaiL — IHuatnition  of  the 
FoaaL — The  Niaih  Pair,  Of  (JloiHK>-phftrffa;feaf. — Illustratioa  ftfsht  (ilo*»^fihitrifn<jmf, —  Til* 
TrnM  Pair,  or  PneHmotjattrir. — fUiurtralioTt  of  the  Pnenmojfasinr. — libutraikm  oj'  tltr.  LaryK- 
f/eala. —  TV*  Elestntfi  Pair,  or  Syiaal  Aceeasor^. —  The  TiceJ/tA  Fair,  or  Ilt/ftogUuaaL — II- 
batrafion  of  the  JJypogloual. 

Tht  Ftirnaic  jVurre. 

tifthe  fJrtfit  Si/fnpfttAftir  Sffstrm. — Pojiftian,  ScrvrlHre,  ojjdf  Oriffin  ^f  the  Sy^fipttthftk. — Ttit  Re- 
littioft  trith  the  Frieumorfuslrii-^^Ita  (.'oniJtrlfon  tntk  thf  Sfiiiutl  System. — -Iln  f'irjii/iFs,- — fiji 
Hfmijii't,—  TAfjf  nre  Hv*en-'4rg  of  /urre. — .s'w«(wi<iry  •>/'  tha  Functions  of  the  .'ifinjmtfietif. — 
IlhtgtTatioti  of  the  Sympathetic. —  TJte  Abihminii/  J'itivMs. —  TJte  ,^ular  P/tsus. —  77ie  J/j-swi- 
teric  Pfeiviis. 

TllERE  arc  twelve  pairs  of  cranial  ncn'es  :  1st.  TJic  olfactoiy ;  2d.  The 
optic;  3d.  Tbe  oculo-motor;  4tli.  The  pathetic;  5lli.  Tlie  tri-  Theeranjil 
ihcial;  Gth.  The  abducent ;  7th.  The  facial;  8th.  The  audito-  "^rvL*. 
lyj  9th.  The  glosso-pharyngcal :   lOtli.  The  piieuraogastric  ;  llth.  The 
Bpinal  accessory;  12th.  The  liypoglossal. 

Of  these,  tlic  fir^t,  tlie  second,  and  the  eighth,  l>eing  nerves  of  special 
aensation,  may  bo  more  conveniently  etuJied  in  connection  with  the  or^ 
gaiis  of  special  sense — the  nose,  the  eye^  the  ear. 

OF   THK   THltin   PAlH,  OtI   OClXO-MoTOn  KEfiVEB. 

The  motor-oGuh  nerve  arises  from  the  inner  Bide  of  the  eras  eerebri, 
near  to  the  pons  varolii,  aontc  of  its  ribres  passing  into  the  ihe  ttiinipair, 
gray  substance  of  the  cms.  Advancing  forward,  it  divides  orocuio-mowr. 
into  two  branches,  one  ofwhieh  auppHea  the  superior  rectus  and  levator 
palpcbra?,  tlie  Other  the  internal  rectus,  inferior  rectus,  and  inferior  ob- 
lique. Conaideriog  the  place  of  origin,  it  would  be  expected  that  this 
nerve  is  wholly  motor,  and  this  is  confirmed  by  experiment-  When  the 
nerve  is  irritated  the  muscles  which  it  eupplics  are  convulsed,  and  when 
it  is  divided  they  are  paralyzed*  Through  its  connection  with  the  len- 
ticular ganglion,  it  furnishes  motor  filaments  to  the  iris.  The  optic 
nerv'c,  the  corjiora  quadrigcmina,  and  this  nerve  togulher  constitute  a 
complete  nervous  arc,  and  impressions  made  on  the  retina  occagion  mo- 
tions in  the  iris. 


S34 


THE    FOlimr,    FIFTH,    AMD    SIXTH    PAlJiS. 


OP   IIIE   TOOBTB   FAJH,  PATHETICT,  Oft  TBOCHLEAB   KEBTE8.  ' 

This  nerve  ariaea  from  the  valve  of  Vieusaena,  near  the  teatis,  and, 
ThefonrUipair,  passmg  flTOUnd  thc  cnis  ccrcbri,  enters  the  orbits  and  is  elis- 
or paiheiicL.  tributod  to  the  orbital  suriace  of  the  superior  oblique,  or 
trochlear  muscle,  lor  which  it  is  thc  motor  nerve.  When  it  is  irritated 
that  muscle  is  convulsed. 

OF   THE  fXFTH  PAIB,  TBIf ACUL,  OE  TKXOfMTyi. 

The  fifth  nerve  has  a.  construction  ao  closely  analogous  to  that  of  the 
Thi!  lifih  pnjr,  Spinal  nerves,  that  it  has  been  designated  the  spinal  nerve  of 
ortrigemini.  (J^q  }i(jad.  It  arises  bj-'  two  TOOts,  the  anterior  of  which  is 
the  smaller,  the  posterior  having  a  large  ganglion,  the  ganglion  of  Gae- 
ser ;  with  this  ganglion  the  anterior  root  is  in  contact,  but  not  in  con- 
nection :  it  passes  forward  to  the  inferior  maxillary  nerve.  From  the 
ganglion  three  branches  diverge,  the  ophthalmic,  the  superior  maxillary, 
and  inferior  maxillary,  thc  first  proceeding  troni  the  upper  angle  of  the 
ganglion,  the  second  from  the  middle,  the  third  from  the  inferior  angle. 
This  last  receivea  the  motor  portion  of  the  nerve ;  the  first  and  second 
branches  are  sensory,  the  third  is  sensory  and  motor  also.  Prom  the 
sensory  portions  the  anterior  and  most  of  the  antero-lateral  portions  of 
the  head  are  furnished,  as  also  the  organs  of  special  sense  theniBclves,  so 
far  as  their  common  sensation  ia  concerned.  The  motor  branch  supplies 
the  muscles  of  mastication. 

OP  THE    BIXTH   PAIR,  OB  AnDCCEJTTES. 

This  nerve  arises  by  several  filaments  from  tlie  upper  part  of  thc  cor- 
TherixifipiLir,  FU3  pyTamidalct  near  to  the  pons  varolii,  and  is  distributed 
or  ftWuoentcs.  ^^  jj^g  external  rectos.  From  its  origin,  distribution,  and 
from  experiments  made  upon  it,  it  is  known  to  be  a  motor  ner\'e. 


ILLtlfl^TlUTIOHB   or   TUB   TQUlD,  PoCtlTH,  rirTH,  AXD   SIXTH  FUSA  OF  SEBTEd. 


Pfff.  Ifil. 


^BfrnDf  UiAnrblL 


J^if^.  161:  1,  cliiasm  of  optic  nerves;  2, 
third  pair;  3,  nasal  ner\c;  4,  external  oculo- 
motor; 5,  ganglion  of  Gaeser;  6,  nasal  nerve 
and  ifa  two  branches,  internal  and  external : 
7,  nerve  of  oblitpms  inferior;  8,  ophthalmic 
ganglion ;  9,  ciliary  nen-ea  ;  a,  portion  of  le- 
vator palpcbrac  superioria  and  rectus  superi- 
or ;  b,  rectus  intemua ;  c,  rectus  externaa ;  d, 
fibrous  ring  of  the  recti  muscles. 

VKJirZA   IX  TBS   OBBITAL   CATITT. 

Fiff.  162 :  1, 1,  optic  nerve  and  gIol>e  of  the 
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eye;  2,thin:lrieri-e;  3,  superior  braucli ; 
4,ncrvcof  obliquua  inferior;  5,esternal 
oculo-motor;  6,  ganglion  of  Gasaer  ;  7, 
ophthalmic  brancli ;  S^  nagal  nerve;  9, 
oplilhalmic  ganglion;  10+  short  root  of 
Ophthalmic  ganglion;  11,  ciliary  nerves; 
12,  frontJil  nerve;  rt,  levator  palpebrsu 
superioria  and  rectus  superior ;  i,  rcchia 
interior;  c^  obliquua  inferior;  d,  rectus 
cxtemus ;  t',  ring  of  the  recti  muscleB- 


pijiobam  of  the  riFTH  TfEsre. 


PUjtratn  ff  111*"  flfth  iK-rte, 


I 


Fif/.lGl^t  1, ganglion  of  Gasser; 
2+ ophtiialmic  ganglion  ;  3,  its  long 
root  lurniBlied  by  the  nasal  branch; 
4,  short  root ;  5,  synipathotic,  trom 
tiie  plexua  surrounding  tlie  inter- 
nal carotid ;  6,  ciliary  nerves  trav- 
ersing t]:e  sclerntic  ;  7,  ciliary  gan- 
glion ;  8,  ganglion  of  3Icckcl ;  9, 
its  scnsoiy  roots  JVoni  the  superior 
maxillary;  10,  petrous  bnnicli  of 
vidian  nerve,  or  motor  root  of  the 
ganglion  of  llcckd  ;  11,  its  smi- 
pathetic  root;  12,  naao-paladne 
ganglion,  receiving  at  its  upper  an- 
gle tine  naso-palatinc  nenx-,  and  Jit  its  inferior  the  anterior  palatine ;  13, 
otic  ganglion  ;  1-4,  small  snperticia!  jwtrosal ;  15,  submaxillary  ganglion  ; 
16,  sublbgual  ganglion:  17,  geniculatcd  ganglion;  IS,  cavernous  ganglion. 

dAtTGUQ^   OF   OASflEB   AMD  ADJACKSlf   PAIlTfl. 

Fi'j.  FA  _  J^i^-  164 :    1,  ganglion   of  Gas- 

ser ;  2,  ophthalmic  nerve ;  3,  front- 
al branch  ;  4,  lachrymal ;  5,  jiasal ; 
6,  opthalmlc  ganglion :  7,  superior 
k'f  maxillary  nerve  ;  8,  orbital  branch  ; 
9,  ganglion  of  Meckel;  10,  petrosal 
bnineli  of  vidian  nerve;  11,  palatine 
nerves:  12,  anastomosis  of  the  gan- 
glion of  lileckel  with  the  nervous 
plexus  surrounding  tlie  internal  max- 
G»i.EUr>n.>fOMm,  m^j.^^,  artery;  13,  posterior  and  su- 

perior dental  nerves ;  14,  suborbital  nerve,  its  anastomoses  with  facial 


^ 
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and  nasal;  15,  inferior  maxillary,  receiving  tlic  motor  portion  of  the  fifth 
pair;  Iti,  superricial  auriculo-temporal nerve ;  17,  buccal  nerve;  18,  sec- 
tion of  other  collateral  branches  of  inferior  maxillary  ;  19,  inferior  den- 
tal i  20,  mental  nerve;  21,  lingual;  22,  chorda  tynipani  i  23,  facial 
nerve;  A,  external  carotid  artery  ;  B,  facial  artery ;  C,  temporal  artery; 
D,  internal  maxillary:  Ej  its  dental  branch;  V,  middle  menin^al ;  a, 
mcmbrana  tympani ;  If,  glenoid  cavity ;  e,  orbieularig  orts ;  d^  buccina- 
tor;  s,  pterygoideua  intemus;  /,  ptcrygoidcua  externua;  y,  digastric; 
/(,  sterno-cleido-maatoid  muscle. 


THB   FOTH   SEBTE,  THE  OA50LIOS   QF   GASSEB  SEIKO   REUOrED. 

FSo-  loT.,  ^i(f.  165  :    1,  ophthalmic,  cut ;   2, 

superior  maxillaiy,  cut  at  both  ex- 
trcinitiea  ;  3,  gangUon  of  iilGckcl ;  4, 
petrosal  and  carotid  branch  of  vidian 
nerve;  <>^  abducent;  6,  nerve  of  .Ja- 
cobson ;  7,  superior  and  posterior 
dental  nerves ;  8,  anterior  and  supe- 
rior dental  nen'C  j  9,  otic  ganglion  ; 
10,guatafory  nerve;  11,  chord.t  tym- 
pani;  12,  submaxillaJj  ganglion; 
13,  anastomosis  of  lingiial  with  hy- 
poglossol ;  14,  sublingual  plexus  ;  15,  terminal  branches  of  gustatory  or 
lingual  nerve  ;  16,  inferior  dental ;  IT,  mylo-hyo  id  branch;  18,  mental; 
19,  incisive  ner\'e;  20,  ganglion  of  glosso-pharyngeal ;  21,  facial,  in  the 
ar^uediict  of  FaJlopius ;  22,  hypoglossal ;  fl,  superior  maxillary  bone;  b, 
cartilages  of  the  nose ;  c,  internal  wall  of  tympanic  cavity ;  d,  ptery- 
goideua intemus  muscle;  c,  buccinator,^  cut;  J",  mylo-byoid  muscle;  </, 
part  of  anterior  belly  of  digastric  ^  A^  atcrno-cleido-njastoid,  turned  aside. 


Thf!  fifth  cervD. 


■fX?'  ^^-  1^  ILLrSTKAILOI'    OF  T)£B  TEHMISAL    DKAKrUEfl    OF   TIIE 

LM'EniOn    IIAXILLART    NERVE. 

J^iff.  166 :  1,  motor  and  senaoiy  roots 
of  ganglion  of  Gasser ;  2,  junction  of  mo- 
tor root  witli  inferior  maxillary;  3,  auricu- 
lo-temporal nerve;  0,  buccal  nerve;  6, 
pterj-goid  nervea ;  7,  cut  branches  of  tem- 
poral and  masseteric  nerves;  8,  gustatory 
nerve;  S\  chorda  tympani ;  10,  facial;  II, 
anastomosis  of  gustatory  and  inferior  den- 
tal nerves ;  12,  tonsillar  branch ;  13,  sub- 
Tiieiiiiierit.rBiBxm«t3--  maxillafy  ganglion;   14,  sublingual  plex- 

us; 15,  anaetoraoais  of  gustatory  and  hypogloasal  nerves ;  16,  brancbee 
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of  i^3tafory;  17,  inferior  Jental ;  18,  mylo-lijoid  nerve;  19,  incisive 
brancfi  of  dental  nerve;  20,  brancli  of  mental,  cut;  a,  pterjgoideus  in- 
temu3 ;  ^i  part  ot'  pterygoideus  extemua  miiBcle ;  c,  mylo-hyoid  muscle ; 
(/,  portion  ol"  anterior  l>eliy  of  the  tligaatric ;  e,  hypoglossal  muscle  j  J", 
portion  of  subroaxillary  gland. 

or    fllE    8tVEVr]l    PAIR,   TIIE   fAl^lAL   SEBTK. 

TJiU  ner^'e  arises  from  the  npjier  part  of  the  groove  between  the  oU- 
valy  and  restifoiro  bodica,  and  near  the  pons  varolii.  With  The  soventii 
the  auditory  nen-e,  or  portio  mollis,  it  constitutes  the  seventh  P°'">  <^^  facial. 
nerve  in  the  nomciiclature  of  Willis,  and  denvca  the  name  porlio  dura, 
under  which  it  sonictiniea  passes,  from  ihc  density  and  closeness  of  its 
texture.  It  supplies  all  the  muscles  of  the  face  except  those  of  mastica- 
tion, which  are  siippUed  by  the  fifth  nerve,  those  of  the  palate,  the  sta- 
pedius, laxator  tynipani,  and  tensor  t^inpani ;  also  the  rauaclca  of  the  ex- 
ternal ear,  and  some  of  those  of  the  tongue.  The  facial  is  a  centrifiigal 
nerve.  If  irritated  near  its  origin,  tliere  is  no  sensation  of  pain;  hut  sub- 
aequently  it  obtains  fibres  froni  other  sources,  as  from  the  fifth  and  thp 
pneumogastrie.  After  it  has  been  joined  by  these,  irritation  is  acutely 
telt.  It  is  therefore  to  be  regarded  as  the  general  motor  nerve  of  thti 
face,  influencing  the  function  of  respiration  through  reflex  action,  but  not 
being  connected  ivith  the  function  of  mastication.  Injury  of  it  produce,! 
paralysis  of  the  parts  to  which  it  is  distributed,  as,  for  example,  the  orbic- 
ularis palpebrarum,  causing  inflammation  of  the  eye  and  opacity  of  the 
eomea,  through  inability  of  tliat  organ  to  free  itself  from  duat  and  spread 
the  lachrymal  seeretion  over  its  surlace.  In  like  manner,  the  sense  of 
hearing  may  be  injured  through  loss  of  control  over  tlie  muscular  struc- 
tures of  the  ear,  ami  the  acutciiess  of  the  sense  of  smell  diminisEied  from 
J'iji.  lOT.  inability  to   introduce  the  air  in  a 

strong  current,  or  the  sense  of  taste, 
if  the  point  of  injury  be  previous  tu 
the  giving  off  of  the  chorda  tympani. 
In  paralysis  of  the  facial  nerve  thi' 
muscles  of  the  face  become  powerless, 
and  the  countenance,  therefore,  dis- 
torted. 

ILIXST&ATIOX   OF  TIPE   FACIAL   (fERVB. 

J'lg.  167:  1,  trunk  of  the  facini 
at  its  emergence  from^  the  aqueduct 
of  Fallopiua ;  2,  occipito-auricular 
branch  f  3,  auricular  of  the  cervical 
plexus  ;  4,  twig  of  the  occipital  inui- 


Thv  faeUtl  aems. 
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de ;  5,  twig  of  the  posterior  auricular  muscle ;  6,  twig  of  the  supenor 
auricular ;  7,  anastomosis  of  the  facial  with  the  auricular  of  the  cervical 
plexus  ;  8,  branch  for  the  stylohyoid  and  posterior  belly  of  the  digastric  : 
9,  temporo-facial  anaatomoflia  with  the  superficial  auriculo-teinnoral  of 
the  fifth  pair ;  10,  temporal  ram iti cations  of  the  facial ;  11,  frontal  twigs  : 
12,  superior  palpebral  t^vigs  ;  13,  middle  palpebral  twigs;  14,  inferior 
or  motor  palpebral  twiga ;  15,  suborbital  twigs;  16,  suborbital  plexus: 
17,  superior  buccal;  IH,  cervi co-facial  branch;  19,  buccal  branches,  anas- 
tomosing with,  20,  buccal  nerve  of  fifth  pair  ;  21,  mental  twiga,  forming 
with,  22,  mental  nerve  of  fifth  pair,  the  mental  plexua ;  23,  cervical 
branches  ;  24^  transverse  cervical  branch  of  cervical  plexus  ;  2.5,  parotid 
branches  of  the  superficial  auriculo-teniporal ;  26,  parotid  branches  of  the 
facial ;  a,  frontal  muscle ;  by  occipital  muscle ;  c,  anterior  auricular ;  d^ 
superior  auricular  ;  e,  posterior  auricular;  y^,  orbicularis  palpebrarum;  ^, 
zygomaticuH  major;  A,  buccinator;  i,  orbicularis  oris;  A',  masaeter:  I, 
parotid  gland ;  m,  platyama ;  n,  stylo-hyoid  and  posterior  belly  of  di- 
gastric ;  0,  stemo-clcido-mastoid ;  p,  trapeEius, 

or   THE    M5TU   VMR,  OS  GLOBSO-FHARTHOEl^L. 

Tliifl  nerve  arises  by  five  or  six  filaments  from  the  groove  betweeu 
Theniothp&lr,  ^^  oUvary  and  restiforra  bodies.  Its  origin  may  bo  traced 
or  glomo-plw-  to  the  ve&icular  substance  in  the  floor  of  the  fourth  ventricle: 
'^^'^-  passing  forward,  it  is  diutributed  to  the  mucous  membrane 

of  the  base  of  the  tongue  and  fauces.  While  in  the  jugular  fossa  it 
forms  two  ganglia,  a  small  one  produced  by  its  jrosterior  librcs,  and  call- 
ed the  superior  ganglion  ;  a  second,  much  larger,  termed  the  inferior,  or 
ganglion  of  Andcrscii.  The  branches  given  off  by  the  glosso-pharyngeal 
are  the  muscular,  tlie  tympanic  or  Jacobson'a  nerve,  which  is  distributed 
to  the  inner  wall  of  the  tympanum  and  interior  portions  of  the  ear;  the 
pharyngeal^  which  supplies  the  pharynx,  and,  with  branches  of  the  pneu- 
niogastric  and  s>Tnpathetic,  forms  the  pharyngeal  plexus;  tiie  Ungual 
supplies  the  mucous  membrane  of  the  sides  and  base  of  tlic  tongue; 
the  tonsiilitic,  which  supplies  the  mucous  membrane  of  the  fauces  and 
soil  palate,  and  forms  a  plexus  round  the  base  of  the  tonsil.  Besides 
these,  the  glosso-pl laryngeal  anastomoses  with  the  facial,  pneumogagtric, 
accessory,  and  sympathetic. 

Examined  in  the  usual  way,  tlie  glosso-pharyngeal  proves  to  be  a  cen- 
tripetal nerve,  having  the  power  of  producing  refiex  motions  through  the 
nerves  of  deglutition,  its  motor  influence  being  chiefly  due  to  its  con- 
nections with  the  pneumogastric  and  accessory.  Though  thus  a  sen- 
sory nerve,  it  is  doubtful  whether  it  be  the  only  nerve  of  taste,  or  whether 
that  function  is  not  likewise  participated  in  by  the  lingual  branch  of  the 
fifth  pair.     It  is  certain  that  section  of  the  lingual  does  not  destroy  (he 
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aeiJBc  of  taste,  and  also  that  those  parts  of  the  tongue  to  Tvluch  the 
gloaao-pharyngeal  13  digtributed  present  that  sense  in  the  most  marked 
manner.  The  inference  which  is  usually  drawn  ia  that  this  nerve  and  the 
lingual  are  both  tactile  and  gustative,  and  this  renders  appropriate  its 
description  in  this  place  rather  than  among  the  nerves  of  special  sense. 


UXCanuTIOK  op  THB   GLOSSO-PRAHTsaBlL. 


Fin-  1W. 


The  ^otK-ptviry^iifkl 


J^ig.  168:  1,  origin  of  the  gloss  o-pharyngeal 
between,  2,  the  pneumogastric,  and,  3,  the  facial ; 
4,  ganglion  of  Andersclr,  5,  pharyngeal  branchcB; 
G,  anaatotcioais  of  the  glosso-pharyngeal  with  the 
lingual  branch  of  the  facial ;  7,  application  of  the 
spinal  to  the  superior  ganglion  of  the  pneumo- 
gastric; 8,  branch  of  jugular  fossa;  9,  plesiform 
ganglion  of  par  vagum  ;  10^  carotid  branch  ;  11, 
superior  larj'^ngeal  nerve ;  1 2,  external  laryngeal ; 
13»  inferior  or  recurrent  laryngeal;  14,  cervical 
branch  of  the  spinal ;  15,  bulbar  branch  of  same 
nerve ;  the  union  of  these  forma  a  trunk  which 
divides  into  two  branches;  16,  external  branch: 
17,  internal  branch  ;  18,  cervical  portion  of  sym- 


pathetic ;  19,  hypogloaaal,  cut. 


SIAORAM   or   QLOi»0-FHA,RTI«OEAL. 


Pi^.  l». 


• 


J'^/y.  169:  1,  facial;  2,  glosso-pharyngcal;  3,  pneumo- 
gastric; 4,  spinal;  5,  hypoglossal;  6,  superior  cervical 
ganglion  j  7,  7,  anterior  branches  of  the  two  first  cervical 
pairs;  8,  plexua  enveloping  the  internal  carotid  artery; 
9,  Jacobson's  nerve ;  10,  ita  anastomotic  branch  with  the 
carotid  plexus  ;  II,  small  deep  petrosal,  which  passes  into 
the  great  superficial  petrosal;  liJ,  otic  ganglion;  14,  anas- 
tomosis of  gloaao-pharyngeal  with  lingual  branch  of  the 
lacial;  15,  anastomo-siiS  ofglosso-pharyngeal  and  pneumo- 
gaatric ;  16,  anaatomosJa  of  the  pharyngeal  of  the  glosso- 
pharyngeal with  that  of  the  pneumogastric  and  of  the 
spinal ;  17,  auricular  twig  of  Arnold  ;  18,  application  of 
the  trunk  of  the  spinal  to  the  superior  ganglion  of  the 
pneumogastric ;  19,  anaatoinosis  of  internal  branch  of  the 
spinal  with  the  ganglion  of  the  trunk  of  the  par  vagum  ■  20»  anastomosis 
of  pneumogastric  and  hypoglossal ;  21,  anaatomoais  of  hypoglossal  with 
the  loop  formed  by  first  and  second  cervical ;  22,  22,  anaslonsosis  of  the 
two  first  pairs  ivith  the  cervical  ganglion ;  23,  pharyngeal  plexus ;  24, 
laryngeal  plexus ;  25^  anaatomoais  of  the  external  branch  of  the  spinal 
with  the  anterior  branch  of  the  third  cervical  pair. 


DU|£TltrL(  ufHUalllo 
moacL 


f  '-Ijn  TUP     PVITIT\inniHTtllf     WI.'TIVR  M 
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OP    THE    TENTH    PAIH,   TnE    PAH    %*AOtJM,  OE    WfKIIllOGABntlC    KERrK. 

The  pneuraogaslric  nerve  arises  by  sis  or  eiglit  likments  from  tlif 
groove  between  the  oHvary  and  restifomi  bodies  below  the  glosso-pha- 
rjngeal,  and,  Hke  it,  may  bt  traced  to  the  vesicular  material  of  the  Hoor 
Thstetiih  air  °^  *^^  fourth  ventricle.  It  Hrst  presenta  a  amall  ganglion. 
*r  pntumogna-  and  soon  after  a  second,  nearly  an  inch  in  length,  called  the 
^''  plexus  gangliformis.     The  nerve  then  descends  the  neck  in 

the  sheath  of  the  carotid  vessels,  and  in  its  conrse  differs  on  the  right 
and  left  sides  respectively.  On  the  right  side  it  passes  between  the  sub- 
clavian artery  And  vein,  descending  toward  the  Btomach  and  solar  plexus 
on  the  posterior  portion  of  the  oesophagus ;  on  the  left  it  enters  the  cheat 
nearly  parallel  with  the  left  subclavian,  and  passes  to  the  stotnacb  and 
aolar  plexus  along  the  anterior  portion  of  tlie  resophagua. 

The  chief  branches  of  the  pneuraogastric  are  the  auricular,  the  pharjii- 
geal,  the  superior  laryngeal,  the  cardiac^  the  inferior  laryngeal  or  recur- 
rent»  the  anterior  pulmonary,  the  posterior  pulmonary,  the  oesophageal, 
and  the  gastric. 

The  pneuinogastric  presenta  Beveral  plexuses  in  its  course*  and,  even 
when  distributed  on  the  stomach,,  exhibits  flat,  menibraniform  ganglia. 
It  supplies  three  great  classes  of  organs:  let.  The  digestive,  as  the  pha- 
rynx, oesophagus,  stomach,  liicr;  2d.  Respiratory,  as  tiie  larynx,  trachea, 
lung^;  3d.  Circulatory*  as  the  heart  and  great  vesaela*  It  associates  it- 
self intiraately  with,  the  sympathetic,  and  aids  it  in  forming  several  great 
plextises. 

At  its  root  the  pneuraogastric  is  sensory,  but  in  its  trunk  it  posscBses 
a  double  function,  arising  from  its  intermingling  with  other  nerves,  as  thr 
spinal  accessoiy  and  sympathetic.  Though  the  trunk,  if  irritated,  gives 
ri^e  to  pain,  we  are  not,  under  ordinary  circumstances,  conscious  of  indi- 
cations, as,  for  example*  in  tlie  act  of  breathing*  in  which  we  do  not  per- 
ceive the  necessity  of  respiration,  except  the  access  of  the  air  be  too  lon|j: 
delayed.  The  pharyngeal  branch  is  the  chief  motor  nerve  of  the  pharynN 
and  palate.  The  superior  laryngeal  is  the  sen-^ory  nerve  of  the  larynx, 
the  inferior  laryngeal  being  the  motor.  Considered  along  with  the  spi  ■ 
nal  accessory,  the  pneutnogastric  presents  an  analogy  to  a  spinal  neive ; 
the  accessory  constituting  the  anterior  or  motor  root,  and  the  pneumo- 
gastric,  with  its  ganglion,  the  sensory  root. 

The  pneumogastric  ncn'O  was  formerly  regarded  as  taking  an  influen- 
tial pai't  in  the  action  of  the  stomach  during  digestion.  The  precise  na- 
ture of  its  agency  in  this  respect  has  been  already  alluded  to.  In  addi- 
tion* it  may  be  remarked  that  probably  through  this  nei-ve  is  the  sensa- 
tion of  hunger  conveyed  to  the  mind. 
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ILLUilBlTtoS  or   TifE    LEFT   rVEtntfWASTtllC   HEfiTG.  , 

^iff.  170  r  1,1, 1,  tlie  pneuniogastric  nerve  ;  2j  anastomosis  of  it  with 
ilie  hypoglossal  ;  3,  anastomosis  of  plcxiform  ganglion  with  internal 
Ijranch  of  rlio  Bpinal ;  4,  pharyngeal,  passing  in  front  of  the  internal  car- 
iitid  arter}' ;  5,  superior  laryngeal,  "behind  the  internal  carotid  artery  ;  G, 
external  laryngeal  i  7,  laryngeal  plexus,  fonned  by  external  laryngeal 
and  grent  sympathetic;  8,  superior  cardiac  ;  9,  niiddie  cardiac  ;  10,10, 
'^■f  •''*■  '        infenor  laryngeal,  or  recurrent, 

forming  a  curve  round  the  arch 
oftheaorta;  11, puinionary  gan- 
glion ,  12,  its  anastomosis  ^ilh 
the  great  aynipalhctic  ;  13,  pos- 
terior pulmonary  plexus;  14, 
resophageal  plexus;  15,  curves 
formed  around  the  ccsophagus 
hy  tlie  riglit  and  left  jHicumo- 
gastricSt  16,  oesophageal  strand 
traversing  the  diaphragrn  ;  17, 
plexiia  formed  by  tlie  tilrand 
upon  the  anterior  face  of  tho  car- 
diac end;  IS,  braneliea  for  tlic 
great  end  of  the  stomach;  19, 
branches  for  the  small  cnri-a- 
ture;  20,  branchea  fot  tlie  ante- 
]ior  face  of  the  stomach ;  21, 
hepatic  brauchea  commingling 
with  the  hepatic  plexus  of  the 
f^eat  sympathetic,  and  ramify- 
ing in  the  substance  of  the  livert 
22,  glossO' pharyngeal  ,  23,  its 
lingual  branchy  24,  pharyngeal 
branch  ;  25,  branch  for  the  sty- 
lo-pharyngcal  muscle;  26,  spi- 
nal ;  27,  internal  branch,  aiding 
to  form  tlie  jiharyngeal  nerve  ; 
28,  external  branch;  29,  twig 
of  external  branch  anastomos- 
ing with  the  third  cervical;  30,  anastomosis  with  trapezian  branch  of 
llie  fourtii  cervical;  31,  ccr\'ical  portion  of  great  sympathetic;  32,  32, 
thoracic  portion  ;  ff,  thyroid  body  ;  A.  trachea  ;  r,  left  hmg.  drawn  to  the 
right;  tf,  liver,  raised;  e,  cesophagus ;  J',  great  end  of  the  stomach, 
drawn  to  the  left ;  y,  arch  of  the  aorta  j  the  carotid,  and  subclamn  ar- 
teries, cut. 
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IIXOSTRATION   of   PTILMDir4.BT   OAKQLJA. 


1^1  mail  u-y  gui^lik 


I'ii^.  171 :  1,  1,  pulmonary  ganglia ;  2,  median  anas- 
tomoBes  of  these  ganglia  at  the  posterior  face  of  ihv 
trachea,  and  origin  of  the  bronchi ;  3,  left  laryngeal 
nerve,  aiding  to  fomi  the  bronchial  plexus ;  4,  unas- 
tomosea  of  the  two  pneumogaatrics  on  the  posterioi 
face  of  the  ccsophagus. 


tLLUSTBATIOK    OF    ISTKBIQH    JWflVSQEALS,  AKTeBlOJt    fCLMONART,  ASD    CABDIAC    l-LEX(7S. 

Jf'iff.  172,  1,  1,  pneuinogastric  J   2,  2,  superior  larjTigeal;  3,  3,  exter- 
J^;.  "I  nal   laryngeal ;    4,  superior  car- 

diac nerve ;  5,  5,  middle  eardiar 
ncrvea  ;  6,  inferior  cardiacs  j  7. 
cardiac  ganglion  and  plexus ;  8,8, 
nerves  from  this  plexus  eiirroTind- 
ing  the  coronary  plexus;  9,  9,  an- 
terior pulmonary  plexus  ;  10,  10, 
inferior  larjTigeal :  tJie  left  em- 
bracing the  arch  of  the  aorta,  the 
right  tlie  subclavian  arlcrj,  hoth 
go  to  the  posterior  face  of  the 
larynx;  11,  traclieal  Lrimchcs : 
A,  pulmonary  artery;  B,  its  lett 
branch  ;  C,  its  right  branch  ;  D, 
arch  of  the  aorta  ;  E,  iibrous  cord 
arising  from  obliteration  of  tli*^ 
ductua  arteriosus;  F,  left  subclavian;  G,  G,  left  primilive  cai-otid  i  H. 
brachio-cephalic  trunk,  cut  fo  show  cardiac  nerves ;  Ij  vena  cava  supe- 
rior i  K,  left  coronary  ^iery  and  vein ;  L,  right  coronary  artery  and 
vein  ;  a,  os  hyoides  ;  6,  projecting  portion  of  the  larynx  ;  c,  trachea ;  cl, 
thvro-hyoid  muscle  ;  e,  c,  crico-thyroid  ;  J\  J',  scalenus  antjcus ;  g^  g, 
tiiyroid  body ;  A,  A,  diaphragm ;  i,  i,  pericardium,  cut  away. 

OT   THE    ELErCHTH   FAJK,  DE   BFIXAL   ACCESSDQr  ^EJirE. 

The  spinal  accesi^ory  arises  by  several  filaments  from  the  side  of  the 
™  j.„_|,i,  spinal  cord,  as  low  as  the  fifth  or  sixth  cervical  nerve.  In 
i-air  Or  «(>gnai  its  upward  couTsc  it  communicates  with  the  posterior  roots 
octeswry,  ^j-  ^j^^  j^^^^  cervicaL  It  then  divides  into  two  branches,  the 
Bmatler  joining  the  pneumogastric,  the  main  trunk  passing  onward,  and 
beinf^  eventually  distributed  to  the  trapezius  muscle,  and  also  furniahinp, 
Bupplies  to  the  atemo-mastoid. 

The  spinal  accessory  is  a  motor  nerve,  as  appears  from  the  usual  evi- 
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dence  of  irritation^  and  abo  ^om  its  origin  and  distribution,  Its  action 
is  not  essential  in  ordinary  or  involuntary  respiration.  In  voluntary  res- 
piration it  IB  brought  into  play. 

or   TQE  rWELFTB   FAtRr  OR   UrFOOLOfiaAL  KERVB. 

Tills  nerve  arises  in  the  groove  between  the  pjTamidal  and  olivary 
bodies,  by  8  or  10  iilamenta,  which  are  collected  into  two  -™  .  ,, . 
bundles^  It  next  passes  forward  and  crosses  inward,  pitr-  pair,  m  hvpt^ 
sues  a  course  which  ia  concave  upward,  and  supplies  the  '^^^^■ 
genio-hyoglossus  and  muscles  of  the  tongue  generally,  giving  off  the 
following  branches  in  its  course :  the  doscendena  noni,  the  tliyro-hyoid, 
and  filaments  connecting  the  guatative  nerve.  It  also  anastoraoaea  with 
the  piieumogastric,  spinal  accessory,  first  and  second  cervical  nerves,  and 
sympathetic'. 

The  hypoglossal  is  the  motor  nerve  of  the  tongue,  irritation  of  it  giv- 
ing rise  to  movements  throughout  that  organ,  the  lingual  branch  of 
tlie  Hfth  being  tlie  sensory*  Tiie  hypoglossal  causes  the  muscles  of  tlie 
neck  to  aid  in  the  raovementa  necessary  for  articulate  speech. 


ZLLUBrBATIOR  OF  THS   tnTPOOLOSBAL  HEBTE. 


^ig.  17^:  1,  medulla  oblongata;   2,  glosso-phiiryngeal ;   3,  pneumo- 

gastric  ;  4,  superior  laryngeal ;  5,  spi- 
nal ;  6,  first  ccr^  ical  pair  ;  7,  accond 
pair;  8,  third  pair;  9,  fourth  pair; 
10,  lingual;  11,  origin  of  hypoglos- 
sal ;  12,  anastomosis  of  liypogloesal 
with  first  cervical;  13,  anastomosis 
with  nen'ous  loop  of  two  first  cervi- 
cals  ;  14t  descending  branch  of  hy- 
poglossal, anastomosmg  with,  15,  de- 
scending branches  of  cervical  picxua  ; 
16,  twig  of  tliyro-hyoid  muscle;  17, 
i-iiOy|HT,u««u  .«rv«.  branches  of  hyoglosBua  ;    IS,  recur- 

rent  branch  of  alylo-glossns  ;  19,  "branches  of  genio-hyoid ;  20,  plexiform 
branches  of  hypoglossal;  21,  anastomotic  branch  with  the  lingual;  22, 
branch  far  submaxillary  ganglion  ;  A,  vertebral  artery  ;  B,  external  car- 
otid ;  C,  lingual;  D,  temporal ;  K,  ijitemal  maxillary ;  a,  portion  of  the 
condyle  of  the  occipital  bone  ;  &,  median  section  of  atlas  ;  c,,  styloid  pro- 
cess ;  d,  stylo-gloEsus  ;  e,  stylo-pharyngens  ;  y,  hyoglossus  ;  ^,  genio- 
glos3U3 :  /i,  pterygoideus  extemiis ;  V,  pterygoideits  intcmua. 


OF  TiiK  FtihENic  Hbhre. 


Although  the  phrenic,  or  internal  respiratory  nerve  is  not  strictly  in- 
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The  phrenic  cluded  in  the  group  now  untler  consideration,  yet,  considering 
nerve.  Jtg  imporiant  connection  with  the  motiona  of  respiration,  it  is 

proper  to  ctescribe  and  illustrafe  it  here. 

It  arises  from  the  third  and  fourth  cervical  nerves,  aided  by  a  branch 
from  tlae  fifth,  or  from  the  brachial  plexus,  and  from  the  syra pathetic. 
tn  ita  descent  it  comniimicatea  witli  the  lower  cervical  gnngHon,  enters 
the  thorax  between  the  subclavian  vein  and  artery,  and,  passing  along 
the  Bide  of  the  pericardium,  descendy  to  the  diaphragm,  the  right  phrenic 
being  perpendicular,  and  tiie  left  running  obliquely  round  the  apex  of  tlic 
heart.  It  is  distributed,  for  the  most  part,  to  both  faces  of  the  diflpliragra, 
anperior  and  inferior.     It  is  the  motor  nerve  of  the  diapliragm. 


FI.I.  IT  J. 
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ILLUeTbATldN   0¥-  THE   I'MKENIC   Xl::i{|-|S. 

J^iff,  174:  1, 1,  root  of  the  phrenic 
nerve,  furniahed  by  the  fourth  (srvi- 
cal ;  2,  2,  roots  from  the  bracliial 
plexus  ;  anastomosis  of  ihia  nen'e 
with  branch  of  the  subclavian  ;  4^ 
anaslomosia  with  the  inferior  cer- 
vical ganglion ;  5,  5,  curve  of  the 
hypugloBsal,  cut,  sending  a  twig  to 
the  phrenic  ner>^e  ;  G,  G,  pericardiac 
branches  of  the  plu-enic  nerve;  7, 
7,  brandies  to  the  superior  face  of 
llie  diaphrngna ;  8,  8,  branches  to 
the  inferior  face  of  the  diaphragm ; 
0,  anastomoses  of  these  branches 
iritli,  10,  the  fiolai-  plexus  ;  11, 
Iransverse  communication  of  the 
phrenic  Der\'ea. 


or   Tljy   CHEAT   STJIPATIIETIC  SEltVB. 

Under  the  designations  of  eympatlictic,  visceral*  trlsplanchnict  gangU- 
Posititm  Bod  ^"'^  intercostal,  or  nerve  of  organic  life,  passes  a  scries  ol' 
strmMureoftiia  reddish  OT  gray  ganglia,  interconnected  by  nervous  strands* 
^ympaibeiic.  extending  along  each  side  of  the  vertebral  column,  from  the 
head  to  the  coccyx,  communicating  with  all  other  nerves  of  the  body, 
and  distributing  branches  to  tlte  internal  viscera,  or  organs  of  involunta- 
ry function.  These  gangba  are  less  numerous  than  the  vertebiti';  the 
chain  on  each  side  coaimujiicates  with  its  colleague  through  plexuses, 
and  the  ganglion  impar  is  the  common  uniting  point  on  the  coccyx  be- 
low. By  &ome  it  is  supposed  that  the  ganglion  of  Ribes,  and  by  others 
that  the  pituitary  body  has  the  same  function  in  the  cranium  above. 
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What  are  heK  spoken  of  as  nervous  strands  are  perhaps  more  correctly^ 
prolongations  of  the  ganglia  tlieniselvefl. 

The  origin  of  the  sympathetic  tias  been  long  a  suhject  of  dispute,  some 
supposing  that  it  ia  a  special  ayatein,  of  which  the  ganglia  arc  origin  oftlie 
so  many  independent  centrea,  establishing  incidental  coinmu-  "jrapBihctic 
nications  witli  the  cerebro-spitial ;  others*  that  Ita  origiu  is  in  tlie  internal 
viscera,  and  its  termination  in  the  cerehro-spinal  system,  this  opinion  be- 
ing supjiorted  by  the  alleged  facts  that  the  eympathetict  in  its  develop- 
ment, appears  before  the  other  parts  of  the  nervous  system,  and  simulta- 
neously wilii  the  splanchnic  organs*  and  that  it  has  been  found  in  mon- 
sters without  u  brain  or  Bpinal  twrd;  othcra,  again,  Biippoae  that  it  orig- 
inates (rom  the  roots  of  the  cerebro-spinnl  sjdtem,  and  tt?nninate3  iti  the 
interior  organs.  Ilet^arding  it  in  this  ligiit,  some  liave  imputed  its  origin 
to  all  (he  spinal,  and  Jifth  and  sixth  cranial  conjointly;  otliera  have  lim- 
ited it  to  the  two  latter. 

The  pneumogastric  nerve  aids  it  in  forming  tlirce  of  its  plexuses,  the 
pharyngeal,  cardiac,  and  solar.     In  certain  rc3ftcct3  t!ie  pneu-  JieUtiunj  of 
moKastric  and  sympathetic  BCcni  to  exhibit  a  reciproeal  de-   P']'^"''"^fi'^ 
velopment,  in  some  of  the  lower  animals  the  former  pre-  paiheik. ' 
domjjiatiug  over,  and  supplying  the  place  of  the  latlcr;   and  this  replaee- 
inent,  it  is  said,  goes  on  in  the  descending  aeries  until,  in  the  cephalopo- 
ilous  moUnsks,  the  sympathetic  has  disappeared,  and  the  pneumogastric 
takes  its  place, 

J^iff.  175  illustrates  the  relation 
of  the  sympathetic  and  spinal  nerveai 
c,  e,  anterior  fissure  of  the  spinal 
cord ;  a,  anterior  root  of  a  dorsal 
spinal  nerve  ;  p,  posterior  root,  with 
its  ganglion;  a',  anterior  branch ;  j?'t 
jwaterior  branch  ;  5,  sympathetic ;  0, 
its  double  junction  with  the  anterior 
branch  of  the  spinal  nerve  by  a  white 
and  a  gray  tilarneut. 

The  e3'mpathetic  chain  therefore 
establishes  connections  Oomettion  of 
.-ill,  ,l.c  c.r=I,ro-Bpi.,al  ^-jr'S'.^ 
system*  Each  spinal  lem. 
nerve  ia  brought  into  relation  with 
it  through  two  strands,  a  tubular  or 
white,  and  a  gelatinous  or  gray. 
The  tubular  or  white  strand  may  be 
regpirded  as  actually  arising  from  the 
spinal  cord*  and  consisting  of  motor 
n:-uiion  u,  ihi>  symrMhrtic  anj  r,<\nnt.  gjij  gensory  filamcnts.     it  niakcs  its 
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way  to  (he  ganglion  of  the  gympathetic,  passes  over  and  through  it,  its 
tibres  coiijoiniiig  themselves  with  gmy  ones,  which  they  have  gathered  in 
the  ganghon.  The  gray  or  gelatinous  root  is  to  ho  viewed  as  having  its 
origin  in  the  ganglion  of  tlie  syinpulhetic,  and  sending  its  fibres  chiefly 
to  the  ganglion  on  the  posterior  root  of  the  spinal  nerve,  hut  Jew  of  them 
doubtfully  comraumcating  with  the  anterior  root.  The  tibres  which  seem 
to  enter  the  cord  are  probably  for  tlie  supply  of  blood- vessels.  Each  of 
these  sytnpatlietic  ganglia  is,  thercforeT  a  nervous  centre,  sending  forth 
strands  in  tlu*ee  directions  :  1st.  To  join  the  spinal  fibreg  in  their  distri- 
bution ;  2d.  To  the  spinal  cord  itaetfi  or  chiefly  to  the  ganglia  on  tlie  pos- 
terior roots  of  its  nerves;  3d.  To  the  next  sympathetic  ganghon  above. 
Sympaiheiic  In  the  vorioua  plesusca  of  the  sympathetic,  vesicles  are  found, 
piesuMs.  j^Q,jj  ^liitli  ^;^y  fihres  seem  to  originftte.  The  branches  which 
Bupply  the  viscera  constantly  form  plexuses  ;  the  arteries  are  surrounded 
with,  such  a  net-work.  The  splanchnic  ganglia,  with  their  interconnect- 
ing atrands,^  and  supplies  from  the  cercbro-spinal,  give  rise  to  four  great 
plexuses :  the  pharyngeal,  the  cardiac,  the  solar,  and  the  iiypogastric. 
The  first  and  last  of  these  are  in  symmetrical  pairs ;  the  other  two  aie 
Bingle,  and  placed  on  the  median  line, 

i'rora  its  construction  the  sympathetic  can  not  be  regarded  as  an  iso- 
m.  ■  1  ^  1.  lated  or  self-acting  aystcm,  since  all  its  branches  contain 
of  eympfltiieLic  fibres  derived  from  the  cerebro-spinal.  In  function  it  must 
(jaiiB  la.  therefore  be  adjuvant  to  that  syslem,  and  it  must  be  admit- 

ted that  the  motor  and  sensory  qualities  of  the  included  epinal  fibres,  ac- 
cording as  they  have  been  derived  from  the  anterior  or  posterior  columns 
of  the  cord,  are  continued  in  their  association  wi(h  the  Bympathetic. 
Hence,  in  so  liir  as  being  a  compound  nerve,  it  posi^eases  bolh  those  func- 
tions, and  this  conclusion  is  corroborated  by  such  facta  as  tlio&e  of  the 
distribution  of  the  sympathetic  both  to  muscular  portions,  as  to  the  heart, 
and  also  to  sensitive  ones ;  by  the  circumstance  that  the  intestinal  canal 
from  the  storaacli  to  the  end  of  the  colon  receives  its  nervous  supply 
from  this  sonrce  alone.  Experiments  on  the  sympathetic  ganglia  estab- 
lish a  similar  conclusion,  irritation  of  the  coeliac  ganghon,  for  instance, 
giving  rise  to  increased  peristaltic  motions,  and  pathological  observations 
fiimishing  like  evidence  as  regards  the  sensory  function.  Compared 
with  otiier  nerve  trunks,  the  sympathetic  is  much  less  active  in  these  re- 
Bpeets,  a  high  irritation  of  the  parts  supplied  by  it  often  being  required 
to  cause  pain,  and,  in  like  manner,  its  motor  fibres  are  little  under  the  In- 
tiuence  of  the  will. 

The  sympathetic  transmits  sensations  so  tardily  that  it  has  been  sup- 
posed that  one  office  of  it3  ganglia  is  for  the  purpose  of  cutting  oft"  sucli 
impressions;  and,  in  like  manner,  when  motor  fibre?*  of  the  eerebro-api- 
nal  system  pass  through  its  ganglia,  their  conducting  power  appears  to 
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be  impairetl.  There  does  not  seem  to  be  any  decisive  proof  that  any  of 
the  tibres  of  the  ayinpatlictic,  properly  speaking,  are  motor  or  sensory,  or 
that  its  ganglia  produce  reflex  action,  the  agency  whicEi  it  exerts  in  these 
rcapects  on  the  muscular  Htructure  of  the  heart,  blood- vesfiela,  digestive 
or  urinary  organs,  Itcing  due  to  the  aeeociatcd  cerebro-epinal  fibres. 

In  thia  manner,  by  its  distribution  to  the  arteries,  the  e}^npathetsc  aft 
a  compound  nerve,  exerts  a  power  over  the  passage  of  tlie  blood  tlirough 
them  by  influencing  their  contracliLity,  and  thereby  their  diameter.  In 
virtue  of  this,  it  therefore  aftects  the  rapidity  of  secretion,  and  also  regu- 
lates tiie  rate  of  nutrition.  The  entire  digestive  tract,  with  its  dependeo- 
OH  are  thus  brought  under  its  intiuence,  the  salivary  gkndB,  pharynK, 
cBflophagus,  stoJitach,  intestine,  nusaL,  bronchial,  and  pulmonary  sur- 
&ces,  etc. 

The  view  of  the  function  of  ganglia  presented  on  preceding  pages  is 
strongly  supported  by  the  mechaniam  and  phenomena  of  the  ,  .. 

Bympathetic  nerve.  Its  ganglia  permit  the  influence  passing  reservoirs  of 
along  the  nervous  cords  to  escape  therefrom  into  new  chan-  ""* 
neJs,  and  also  retain  and  store  up  ner\'0us  power.  Tiicy  bocome,  there- 
fore, magazines  of  force,  and  are  hence  capable  of  euataining  rhythmic 
movements.  Even  after  org.Tins  havo  been  exHCctfd,  tliey  will  still  e.xliib- 
it,  under  the  influence  of  these  ganglia,  their  accueitonied  motion,  as  is  thu 
case  with  the  heart,  which,  in  some  of  the  cold-blooded  animals,  will  con- 
tinue tta  contracliona  for  nniny  iiours  after  it  has  been  cut  out  of  ihc  body. 

I  therefore  regard  the  sympathetic  system  as  having  for  one  of  its, 
main  functions  the  criualization  or  balancing  of  the  nervous  ConL-luainn 
force,  storing  up  all  transient  excessca  of  it,  and  furnishing  f*^"'!^^*"^/^]^ 
all  transient  deficiencies.  Aa  in  a  meclianical  contrivance,  iympHiiieiic- 
in  which  the  prime  mover  works  in  an  irregular  way,  tlie  fly-wheel  har- 
monizea  all  such  variations,  storing  up  or  supplying  power  as  the  cir- 
cumstances may  require,  so  does  this  complicated  ajiparatufl  act  in  tbe 
mechanism  of  innervation.  iVnd  it  is  worthy  of  renuirk,  that  some  such 
airangcmcnt  would  seem  to  be  necessary,  since  the  organs  of  digestion,  to 
whicli  the  sympathetic  is  so  largely  directed,  are  periodically  iu  activity 
and  periodically  quJcacent. 

It  is  to  be  greatly  regretted  that  the  term  sympathetic  lias  been  ap- 
plied to  this  important  licrve,  since  that  term,  as  defining  ftinction,  has 
led  to  the  promulgation  of  theoretical  views  which  havo  exerted  an  influ- 
ence to  the  disadvantage  of  the  progress  of  physiology — views  which  will 
not  bear  the  teat  of  anatomical  criticism,  and  which  are  theretbre  incor^ 
rect  It  ia  alwaya  much  better  to  give  designations  in  allusion  to  struc- 
ture or  i>osition  than  to  timction,  especially  where  the  function  is  doubt- 
ftil.  For  this  reason,  the  title  of  intercostal  is  raueh  preferable  to  that 
of  nerve  of  organic  life^  and  trisplaiicluuc  better  than  sympathetic — an 
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imposing  but  niyeterious  epithet,  which  has  been  a  aource  of  injury  to 
the  science,  and  which  it  would  be  well  even  now  to  replace  by  such  & 
temi  aa  vincular  or  moniliform  nerve,  or  some  title  of  equivalent  import. 


ILLCBTRJLTIOS   OF   THE    0&EU.T   STSCFATHIBTIC. 

^'"*  Fig,  in  I   1,  globe  of  the  eye, 

dissected  so  fis  to  show  the  ciliary 
nerves;  2,  branch  of  the  inferior  ob- 
lique and  the  motor  root  of  the  oph- 
thalmic ganglion  ;  3,3,3,  the  tlirec 
Ijranches  of  the  trifacial,  in  connec- 
tion with  moat  of  the  cranial  gan- 
glia, that  is,  with,  4,  ophthahnie  gan- 
glion,  5,  spheno-palatine,  (i,  otic,  7, 
&ubn)a3tillary^  and,  8,  sublingual : 
II,  external  motor  ocii]i;  10,  facial 
and  ita  anastomoses  wilh  the  sphe- 
no-palatine  and  otic  ganglia  ;  11, 
glosso  -  pharyngeal ;  12,  12,  right 
pncumogastric  ;  13,  left  pncumo- 
gaalric;  14,  spuial;  15,  hy|iogIoa- 
sal;  IG,  16,  cervical  plexus;  17, 
brachial  plexus  ;  18, 18,  intercostal 
nerves;  19,  ly,  lumbar  plcxna ; 
20,  sacral  plexus;  21,  aiiperior  cer- 
vical ganglion,  funiishing  two  caro- 
tid branches,  forming  the  carotid 
plexus  around  the  artery  of  lliat 
name^  and  from  which  arise  the 
anastomoses  witb»  22,  nerve  of  Ja- 
cobson,  23,  carotid  branch  of  \'id- 
ian  ner\'e,  24,  external  motor  oc- 
uli,  25,  ophthalmic  ganglion  ;  26, 
twig  for  the  pituitary  gland;  27, 
anastomosis  of  su|>erior  cer\ncaJ 
ganglion  with  the  first  cervical 
pairs  ^  28,  carotid  and  pharyngeal 
branches  ;   29,  pharyngeal  and  in- 

■niiigremtBrmi-theMc  nerve.  tcrCOTOtid     plcXUS  ;      JiO,     laiyngCfll 

branch,  anastomosed  with  the  external  larjiigeal  of  the  pneumogaslric ; 
31,  Buperior  cardiac  nerve  ;  32,  strands  of  junction  of  the  aujKsrior  ccrvi- 
ral  ganglion  with,  33,  middle  cervical  ganglion :  among  the  internal 
brancliea  gf  the  latter  are,  34,  the  anastoniotiu  with,  35,  the  reeuireot 
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iieiTB,  3G,  middle  cardiac  rer\'e  ;  37,  strand  of  junction  of  middle  cervical 
^Dglion  with,  38,  inferior  cen-ieal  ganglion ;  40,  twiga  furnished  bj  in- 
ferior cervical  ganglion  arnund  tlie  subclavian  and  vertebral  arteries  ;  41, 
anastomotic  brancli  with  the  tirst  intercostal  iierve;  42,  cardiac  plcsua 
and  ganglion ;  43,  44,  secondary  plexuses  of  riglit  and  left  coronary  ar- 
teries ;  from  45  to  4U,  tlioracic  gauglbnary  chain  ;  47,  the  great  pplancli- 
nic  travpraing  the  diaphragm,  and  going  to,  -iS,  eemilunnr  ganglion ;  40, 
little  aptanchnic^  51)^  Bolaf  plexus,  receivings  51^  anastomosis  of  pneu- 
mogastrte,  52^  phrenic  nerve;  53,  gastric  coronary;  J>4,  hepatic;  55,  sple- 
nic s  ■^*'3)  superior  mesenteric,  en^  eloping  the  arteries  of  those  names ;  57, 
renal  plexus  ;  from  58  to  58,  lumbar  ganglionic  chain  ;  50,  lunibo-aorti«: 
plexQd,  presenting  two  enlargernentH,  one,  60,  above,  the  other,  61,  below 
the  bifurcation  of  the  aorta;  62,  spermatic  plexus;  03,  inferior  meeenteric; 
64,  hypogastric  plexus  ;  66  to  65,  sacral  ganglionic  chain  ;  G&,  terminal 
coccygeal  ganglion ;  A,  heart,  slightly  turned  aside  to  show  the  cardiac 
plexus  ;  B,  arch  of  the  aorta,  also  drawn  aside  by  hook ;  C,  innominata  ; 
D,  subclavian,  cut,  to  show  inferior  cervical  ganglion ;  E,  inferior  th}'- 
roid ;  F,  portion  of  external  carotid ;  Gr,  internal  carotid ;  H,  thoracic 
aorta;  I,  abdominal  aorta;  J,  primitive  iliac;  K,  intcrcostala ;  L,  pul- 
monary artery,  of  wliicii  the  right  branch  ia  cut;  31,  superior  vena  cava, 
cut  at  its  origin;  N,  vena  cava  inferior;  O,  pulmonary  veins;  a,  lacii- 
lymal  gland;  fr,  sublingual  gland;  C,  submaxillary  gland;  d,  tlijToid 
body :  e,  trachea  ;  /,  a?sophagU3,  going  to,  g^  the  stomach  ;  A,  several  in- 
testinal loopa  with  8itj>erior  mesenteric  plexus;  ?',  transverse  colon;  J, 
sigmoid  flexure;  X",  rectum ;  i,  bladder;  m,  ureter}  w,  prostate;  o,  vc- 
^"'^  '■'  sicula  Beminnli8:_/?,va.H  defi?:rena  ;  ^,  sperm- 

atic cord ;  ?',  t\  diaphragm. 
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Fiff.  177:  1,  1,  1,  1,  portion  of  the  right 
and  left  ganglionic  chain  ;  2,  coccygeal  gan- 
glion ;  3,  median  anastomoses  of  the  twii 
sacral  cords;  4,  4,  great  splanchnic,  right 
and  left,  traversing  the  diaphragm,  and  go- 
ing to,  5,  5,  semilunar  ganglia ;  6,  solar 
plexuB;  7,  splenic  plexaa;  8,  hepatic  plex- 
us; 9,  coronary  plexus  of  stomach;  10, 
anastomoses  of  the  two  pneumogastrics, 
right  and  left,  with  solar  plexus  and  gastric 
coronary;  11)  diaphragmatic  plexus  and  su- 
perior capsular;  12,  anastomoses  of  tliesc 
two  plexuses  with  the  phrenic  nerve;  13, 
middle  cappidar  plexus  t   14^  inferior  capsu- 
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lar  plexus,  coming  from,  15,  renal  plexus ;  16,  16,  lesser  splanchnica, 
tTftversing  the  diaphragm;  17,  superior  mesenteric  plexus;  18,  sperm- 
atic plexus,  arising  from  three  aouxce3,  the  renal,  lumbo-aortic,  and  hypo- 
gastric; from  ly  to  19,  lumbo-aortic  plexus;  20,  20,  ita  bifurcations; 
21,  inferior  mesenteric  plexua ;  22,  22,  its  anaatoraosea  with,  23,  23, 
hypogastric  plexus  on  each  side;  24,  24,  sacral  plexus ;  ff,  diaphragro, 
cut;  ^,  portion  of  stomach  and  ceaophagua  ;  e,  spleen;  d!,^  kidney  and  ita 
supra-renal  capsule  ;  e,  testicle  ;  J\  ureter,  cut ;  A,  A,  aorta. 


TQE    BOUlR    VLEXVa. 


J^iff.  178:  1,  aolar  plexus,  furnishing,  2,  hepatic  plexua;  3,  ^atric 
coronaiy  plexus,  and,  4,  splenic  plexus ;  5,  anastomoses  of  right  and  left 
pncumogastric  with  the  solar  plexus  and  gastric  coronary ;  6,  branches 
uf  pneumogastric  going  to  tlie  liver;  7,  plexus  of  biliary  ducta;  8,  origin 
of  superior  mesenteric  plexus  ;  9,  renal  plexus ;  10,  capsular  plexus  ; 
11,  11,  spermatic  plexus;  12^  commencement  of  lumbo-aortic  plexus  ; 
13,  portion  of  inferior  meaenteric  plexus;  a,  the  liver,  raised;  6,  the  stom- 
ach, cut  at  its  great  end ;  c,  the  spleen ;  d,  the  kidney ;  e,  kidney,  cut ; 
y,  Bupra-renal  capsule  ;  ^,  ff,  ureters  ;  /y?-  n&. 

/j,  duodentim ;  i,  i>  pancreaa. 


Thi!  wular  plexui. 
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aUPERlOa   ME:&ENTEHIC   and   IMFUKIOR  MESE»T£niC   PLEXnS. 

Z""^.  179 :  1,  superior  mesenteric  plexus,  surrounding  the  divisions  of 
the  artery  of  the  same  name,  and  offering  many  flat  ganglia ;  2,  portion 
of  inferior  mesenteric  plexus;  a,  coecuni  and  appendix  vermiformia ;  d^  b 
transverse  colon;  t',  portion  of  small  intestine. 
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CHAPTER  XVm. 

OF  TIIE  VOICE. 

Origin  of  the  Voiee.- — Comparative  Phyniolngg  of  Now,  Song,  Voicf.-^IHstinriioH  bftween  Song 

and  5/MwA. —  The  lAVi/nx,  aiiJ  itn  Action  in  Singing. — ^filler's  Krjilanation  q/'the  Action  of 

the  Vocal  Organit, — SfKninng  Anitnab  and  Harhines, 
Nature  <^  Words  and  their  constituent  Sounds. —  I'oirels  and  Consonants, —  \V kitjrering, — Use 

of  the  Vmre  of  Animals. 
Of  Languages:  their  Duration,  Character,  History. — Registry  of  Sounds  bj/  Writing  and  Print- 

mg. — Musical  Signs. — Alphabetic  Writing, 

Foe  the  production  of  the  sounds  necessary  for  intercommunication 
among  the  higher  animals,  and  particularly  for  the  speech  of  Voice  ariHs 
man,  it  might  be  supposed  that  some  complicated  and  elab-  I^^^  ^f 
orate  contrivance  must  needs  be  resorted  to.  This  object  is,  respiration. 
however,  accomplished  by  merely  employing,  on  its  escape  from  the  sys- 
tem, the  wasted  product  of  respiration,  the  breath,  which,  as  it  issues  out- 
ward through  the  respiratory  passages,  sets  in  motion  a  simple  mechan- 
ism, and  thereby  originates  all  the  exquisite  modulations  of  song,  and 
all  the  impressive  utterances  of  speech.  Is  it  not  to  be  admired  that 
thus,  out  of  dead  and  dismissed  matter,  results  of  so  high  an  order,  ma- 
terially and  mentally,  are  obtained  ? 

What  might  be  termed  the  comparative  physiology  of  the  voice  is  very 
simple.  It  appears  first  in  invertebrate  animals  as  a  mo-  ^ 
notonous  noise  or  cry,  which  gradually,  in  higher  tribes,  b&-  physiology  of 
comes  more  varied  in  loudness  and  note.  It  is  worthy  of  *  ^  ^*"*^^" 
remark  that,  in  the  diiferent  stages  of  his  existence  man  himself  furnishes 
an  illustration  of  this  course.  Voiceless  before  birth,  with  a  piteous  or 
monotonous  cry  in  early  infancy,  articulate  speech  and  song  are  the  re- 
sult of  education,  and  through  these  the  power  ia  eventually  gained  of 
expressing  the  most  refined  emotions  and  the  most  elevated  ideas.  The 
solitary  bell-Uke  sound  which  the  nudibranchiate  gasteropoda  emit,  thus 
produces,  by  its  successive  improvements,  a  wonderful  result  at  last. 

Among  insects  the  modes  of  producing  sounds  are  very  various,  some 
effecting  it  by  percussion,  some  by  the  friction  of  homy  or-  pf^y^tion  of 
gans.      In  others,  the   extremity  of  the  trachea,  through  rudimentary 
which  the  air  escapes,  is  accommodated  with  vibrating  mem-  *'*""  "' 
branes.     According  to  Burmeister,  the  contractions  of  the  muscles  of  the 
wings,  which  are  brought  vigorously  into  action  during  flying,  occasion 
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an  alternate  pressure  and  relaxation 
upon  tiie  tracheal  tiibea.  The  air, 
thug  passing  in  and  out,  throws  into 
vibration  the  valves  of  the  spiracle. 
which,  as  seen  in  Fig.  180,  are  sus- 
pended upon  a  dozen  or  more  tlexiblc 
supports  ;  but  their  free  edges,  ap- 
proaching within  a  certain  distance  of 
each  other,  are  thrown  into  quick  vi- 
bration bj  the  passing  current,  in  the 
same  manner  aa  is  the  vibrating  spring 
of  the  accordeon.  Tlieac  vibrating 
platcis  of  insects  arc  the  rudiments  of 
Ti'Iiat  will  become  the  perfect  vocal  ap- 
paratns  in  man.  Again,  in  others,  the  Hwiftly-recurring  beating  of  tin- 
wings  produces  a  sound,  as,  for  example^  in  the  musquito.  Among  vet- 
tebrated  animals,  those  which  breathe  tlie  air  are  voca],  nearlj  all  tishes 
Soamh  of  ri-p-  being  mute.  From  fiahes^  as  we  pasa  upward,  the  sound 
tiles  and  ijunls.  ^^(j  ^|^g  instrument  whieli  makes  it  increase  together  in  com- 
plexity. Through  a  simple  chink,  the  air  expelled  from  the  rcspirator}- 
sacfl  of  anakcs,  by  the  contraction  of  their  abdominal  rauaclea,  issues 
forth  aa  a  mere  hiss,  the  sound  being  Increased  in  the  frog  by  the  devel- 
opment of  resonant  cavities.  From  these  simple  noises  we  arc  conduct- 
ed to  the  musical  notes  of  birds,  some  of  which  are  of  exquisite  puritj' 
and  sweetness.  In  these,  the  vocal  glottis  is  situated  at  the  bifurcatiou 
of  the  trachea,  another  glottis  being  above  for  the  tinal  es- 
cape of  tiie  air.  These  vertebratcd  animals  first  introduce 
ua  to  the  mechanism  for  articulate  speech,  tlic  raven  and  parrot  being 
able  to  pronounce  words  with  distinctness.  The  articulation  ig  effected, 
as  in  man,  by  the  motJon.s  of  the  tongue  and  other  portions  of  the  nioutli. 
For  the  further  consideration  of  this  subject,  it  is  neccsaary  to  under- 
_.  .   ..     ,      stand  that  tliere  is  a  distinction  between  sons  and  speech. 

Dislini'lioii  Ije-    ^  ,  ,  or 

twecQsonb'imd  Song  lA  produced  by  the  glottis,  speech  by  the  mouth;  or, 
"P^''^  ■  perhaps,  a  more  correct  statement  would  be,  tliat  the  larynjc 

is  the  organ  of  song,  the  mouth  of  that  form  of  speecli  which  we  call 
whispering,  and  for  wliich  nothing  is  required  bnt  a  stream  of  air  issuing 
from  the  fauces,  the  tongue  and  other  organs  giving  it  articulation;  but 
for  audible  speech,  a  noise  is  created  in  the  Inrynx,  and  modified  by  ar- 
ticulation in  tiic  mouth. 

The  double  larj*nx  of  birds  is  replaced  by  a  single  larynx  in  man, 
which  serves  at  llie  same  time  for  the  entrance  and  exit  of  air,  and  like- 
wise for  vocalization.  Those  birds  in  whicli  llie  lower  larynx  is  ab»eni 
are  voiceless.     A  general  idea  of  the  constmction  of  the  organ  of  voice 
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in  man  may  be  gathered  by  supposing  it  to  be  composed  of  three  por- 
tions, the  trachea,  the  lar^-nx,  and  the  mouth,  Tlie  tTacliea  Descripeion  of 
is  the  tube  by  which  air  is  brought  from  the  hmga  and  de-  ^^^  Jan-nx. 
livered  into  the  larynx,  which  is  &  superposed  structure,  arranged  upon 
the  cricoid  cartilflge,  on  which  ia  articulated  the  tlijToid  cartilage  by  itw 
lower  horns,  around  which  a  certain  degree  of  rotation  can  be  accompHsii- 
ed,  so  that  the  front  of  the  thyroid  may  be  elevated  or  depressed  with  ii 
kind  of  bowing  motion.  Posteriorly,  on  the  cricoid  cartilage  are  placed 
the  arytenoid  cartilages,  which  can  be  approached  or  separated  from  each 
other,  and  from  tiicir  summits  pass  to  the  front  of  tlic  thyroid  cartilage 
the  inferior  laryngeal  ligaments  or  vocal  corda.  These  constitute  the 
essential  organ  of  sound.  Tiie  thyroid  cattilagej  by  its  motions,  can  de- 
termine the  strain  put  upon  them,  and  the  arytcnoida  can  either  bring 
them  into  parallelism,  or  place  them  at  an  acute  angle.  The  chink  or  fie- 
aure  between  thcin  ia  the  rioia  glottidts  t  its  figure  and  width  \ary  with 
the  recession  or  approximation  of  the  vocal  corda,  which,  as  the  air  passes 
by  them,  are  thrown  into  vibration  in  the  same  manner  aa  the  reed  in  mu- 
Hical  instruments.  Tlie  epiglottis  cartilage,  which  ia  above,  guards  the 
pftBsagc,  and  may  also  be  supposed,  by  its  descent,  to  defidcii  the  sounds. 

The  slowness  or  rapidity  of  tiie  vibration  ia  dependent  on  the  stretch 
of  the  1  Deal  cords.  The  manner  in  which  various  degrees  Ropniation  of 
of  tension  can  be  given  to  the  cords  is  readily  understood  by  thi;vcn:aJ  cordi. 
considering  their  attachments.  In  front,  as  we  have  said,  they  arc  fast- 
ened to  tlie  th}Toid  cartilage,  posteriorly  to  the  arytenoid'^!.  AVheu  the 
thyroid  cartilage  executes  a  bowing  motion  forward,  the  vocal  cords  are 
put  upon  the  stretch,  and  similar  variations  of  their  tension  and  also  of 
their  position  can  be  given  by  the  movements  of  the  arytenoid  cartilages 
behind.  When  the  air  ia  moving  in  and  out  without  giving  rise  to  any 
sound,  the  chink  of  the  glottis  ia  angulai',  its  point  being  forward,  and 
from  that  tlie  cords  diverge  posteriorly.  For  the  production  of  sounds 
the  cords  must  be  brought  parallel,  or  even  inclining  toward  each  other- 
If  they  incline  away  from  each  other,  no  sound  will  be  produced.  The 
pitch  of  the  note  will  be  determined  by  the  stretch  of  the  cords,  and  this, 
in  its  turn,  will  be  dcternnned  by  the  contraction  of  the  vocal  muscles. 
The  crieo-ihjrToid  and  afemo-thyroid  bow  the  front  of  the  thyroid  cartil- 
age down,  the  thyro-arj'teiioid  and  thyro-hyoid  carry  it  back ;  the  for- 
mer therefore  stretch  the  cords,  and  the  latter  relax  them.  The  opening 
of  the  glottis  is  likewise  determined  by  other  muscles,  the  posterior  cri- 
co-arj^tcnoid  diiating  it,  and  the  lateral  crico-arytcnoid  and  the  transverse 
arytenoid  closing  it. 

Mff.  181,  p.  ;-^54,  is  the  larynx,  seen  in  profile:  a,  a,  half  of  the  hyoid 
bone;  i>,  thyroid  cartilage,  cut;  c,  thyro-hyoid  raerabranc ;  d,  cricoid 
cartilage ;  e,  trachea ;  f,  ceaophagus;  ff,  epiglottis ;  A,  great  Jiom  of  the 
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Ki^.  191.  thyroid  cartilage,  united  to, «',  the  great  horn  of  the  os  hj- 
oides  by^  k,  the  lateral  ihyro-hyoid  ligament ;  /,  thjro-hyoid 
mcmbrani?,  traversed  hy  tlie  superior  laryngeal  nerve ;  m, 
posterior  crico-arytenoid  muscle  ;  n,  lateral  crico-arj'tenoid  ; 
It  inferior  laryngeal  nerve;  2,  posterior  crico-arytenoid 
twigfl ;  3,  lateral  crico-arytenoid  twigs ;  4^  tliyro-arytenoid 
t^viga  ;  6,  arytenoid  twig. 

J^.  182  is  the  posterior  view  of  the  IsJ- 
PMOie^iLBryiit.  jaTLi  fl,  basc  of  the  toiiguc;  b,  posterior  bor- 
der of  the  thyroid  cartilage ;  c,  c,  thyroid  body ;  d,  pos- 
terior crico-arytenoid  muaele  ;  t',  arytenoid  muacLe  ;  1,  1, 
superior  laryngeal,  traversing  the  superior  thyro-hyoid 
membrane,  and  giving  off  lingual  and  epiglottic  branches, 
and  others  to  the  mucoua  membrane  covering  the  poste- 
rior face  of  the  larynx  ;  2,  twig  for  the  arytenoid  muscle ; 
3,  anastomotic  of  fJalien  ;  4,  inferior  laryngeal ;  5,  tra- 
cheal branches ;  6,  twig  for  the  posterior  crico-arytenoid 
muscle ;  7,  twig  for  the  arytenoid  muRcle ;  8,  branch  for  the  lateral  crico- 
ar3^enoid  and  posterior  crico-arytenoid  muscles. 

The  researches  of  MuUer  furnish  the  Ijcst  account  we  possess  of  the 
Mfiller'H*x-  action  of  t lie  vocal  organs.  He  has  shown  that  the  larynx 
[keuciluaofLlie  '^  essentially  a  reed  instrument  with  a  double  membranous 
vgcal  orjjana.  tonguc  That  the  rima  glottidis  is  the  seat  of  the  origin  of 
the  sound  is  proved  by  the  fact  that  when  an  aperture  exists  in  the  tra- 
chea below  the  glottis  the  voice  disappears,  hut  if  above  the  glottis  there 
ts  no  effect.  MagendJe  records  the  case  of  a  man  who  had  a  fistulouB 
opening  in  hi3  trachea,  and  who  conld  not  speak  unless  he  closed  it  or 
wore  a  tight  cravat.  Moreover,  the  human  or  animal  larynx  can  be  hiade 
to  produce  its  characteristic  sounds  with  more  or  less  distinctnesg,  after  it 
has  been  removed  from  tlic  body,  by  directing  a  current  of  air  through 
the  trachea.  Cases  liave  occurred  which  have  afforded  the  opportunity 
of  observing  the  condition  of  the  glottis  while  emitting  sounds.  The 
vocal  cords  are  brought  into  parallelism  with  one  another,  and  separated 
by  an  interval  of  scarcely  more  than  from  the  -^-Jr^  to  the  y^  of  an  inch ; 
but  when  the  air  is  moving  in  and  out  silently,  the  fissure  aaaumes  a  di- 
vergent or  triangular  form. 

Professor  MUller  gives  the  following  account  of  the  mode  of  produc- 
fion  of  the  notes  of  the  natural  voice.  "  The  vocal  ligaments  vibrate  in 
their  entire  length,  and  with  them  the  surrounding  membranes  and  the 
thyro-arytenoid  muacles.  For  the  deepeat  notes,  the  vocal  ligaments  are 
much  relaxed  by  the  approximation  of  the  thyroid  to  the  arytenoid  car- 
tilages. The  lips  of  the  glottis  are,  in  this  state  of  the  larynx,  not  only 
quite  devoid  of  tension ;  they  are,  when  at  rest,  even  wrinkled  and  pli- 
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catecl,  but  they  become  stretched  bj  the  current  of  air,  and  thus  acquire 
the  degree  ot"  tension  necessary  for  vibration.  From  the  deepest  note 
thu^  produced,  the  vocal  sounds  may  be  raised  about  an  octave  by  al- 
lowing the  vocal  cords  to  have  a  slight  degree  of  tension,  which  the  elas- 
tic crico-th^Toid  ligament  can  give  them  by  drawing  the  thyroid  cartilage 
toward  the  cricoid*  The  medium  state,  in  which  the  cords  are  neither 
relaxed  and  wrinkled  nor  atrctclied,  is  the  condition  for  the  middle  notes 
of  the  natiiml  register,  those  which  arc  most  easily  produced.  Tlie  or- 
dinary tones  of  the  voice  in  speaking  are  intermediate  between  these  and 
the  deep  bass  notes.  The  liigher  notea  are  produced  and  the  correspond- 
ing falsetto  notes  avoided  by  the  lateral  compression  of  the  vocal  cordg, 
and  by  the  narrowing  of  the  apace  beneath  them  by  means  of  the  thyro- 
arytenoid muscles,  and  farther  by  increaaing  the  force  of  the  current  of 
air;  the  muscular  tension  given  to  the  lips  of  the  glottis  by  the  muscles 
above  oientioned  muBt  also  be  taken  into  account,  &s  contributing  to  the 
production  of  the  notes  of  the  natural  register." 

An  artificial  larynx,  construeled  in  such  a  way  aa  to  represent  more 
or  leas  perfectly  the  preceding  conditions,  will  give  rise  to  Arcmdil  u- 
sounds  analogous  to  tho&e  of  the  human  hirynx*     Such  have  "7"' 
been  made  of  leather,  and,  better  still,  of  caoutchouc. 

The  narrower  the  glottis  is  made,  and  the  more  tightly  the  cords  are 
strained,  the  more  rapidly  they  will  vibrate,  and  the  higher  will  be  the 
musical  note  emitted.  In  an  individual  the  range  of  the  neiajion<iof(iio 
voice  is  rarely  three  octaves,  but  the  male  and  female  voice,  larynx  in  aing- 
taken  together,  may  be  considered  as  reaching  to  four.  tJen-  "**''■ 
erally,  the  lowest  female  note  is  about  an  octave  higher  than  the  lowest 
male,  a  similar  remark  applying  to  their  highest  notea  respectively. 
They  differ  also  intrinatcally  from  each  other,  just  as  different  wind  in- 
struments sounding  the  same  note  give  it  of  a  different  quality.  More- 
over^  in  each  sex  there  are  different  voices  :  in  the  male,  the  base  and  the 
tenor;  in  the  female,  the  contralto  and  soprano.  The  T>ase  usually  reach- 
es lower  notes  than  the  teuLir,  and  the  tenor  Jiigher  than  the  base?  the 
contralto  reaches  usually  lower  notea  than  the  soprano,  and  the  soprano 
higher  ones  tlian  the  contralto,  though  these  distinctions  are  by  no  means 
uniform.  There  arc,  again,  intf^rmediate  complications:  thus  the  bary- 
tone intervenes  between  the  base  and  the  tenor,  and  the  meazo  soprano 
between  the  contralto  and  isoprano.  The  chief  reason  for  the  difference 
between  the  voice  in  the  sexes  is  in  the  difference  of  the  length  of  their 
vocal  cords,  which  are  in  men  and  women  respectively  in  the  proportion 
of  three  to  two ;  but  besides  this,  those  personal  peculiarities  wliich  we 
so  readily  rccognijije  in  the  voices  of  individuals  arc  due  to  diftorenccs  in 
the  structure  of  the  tissues  forming  the  vocal  mechanism,  or  peculiarities 
in  the  size  and  condition  of  the  resonant  cavities.     Frequently  the  same 
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individual  is  capable  of  singing  in  two  different  voices,  known  as  chest 
notes  and  falsetto  notes.  Tlie  chest  notes  arc  produrad  by  the  ordinarj- 
mode  of  vibration  ;  tlie  falsetto  notes,  whicli  are  purer  or  more  fluty,  alt' 
Bonaidered  to  be  probably  due  to  vibrations  of  the  harmonic  BubdivisioiLS 
of  tlie  column  of  air  in  the  trachea,  or  to  vibrations  of  the  inner  borders 
of  the  vocal  cords. 

While  thus  song  is  larj-ngcal,  speech,  which  is  a  modification  thereof, 
SpeBkini-  nni-  ^^  ^^^^^  '^^  p^oJutied  by  the  mouth.  Man  is  not  alone  endow- 
rnBlsainlma-  ed  witli  the  facultj  of  uttcriiig  articulate  sounds:  there  are 
several  other  aniniala  whicli,  by  education,  may  be  taught  to 
express  them.  Ingenious  meclianics  have  also  repeatedly  invented  in- 
Btruroents,  the  construction  of  which^  being  upon  the  same  principle  ae 
that  of  the  vocal  organs,  lias  combined  the  sounds  of  letters  into  words, 
and  even  into  sentences,  a  convincing  proof  not  only  of  the  mechanical 
nature  of  articulate  sounds,  but  also  of  the  perfect  manner  in  which  the 
natural  mechanism  is  understood.  Animals  which  have  been  taught  to 
speak  may  also  be  regarded  as  automata,,  for  they  have  no  comprehen- 
sion of  what  it  is  they  are  uttering,  and  never  produce  articulate  com- 
binations spontaneously,  but  only  as  the  result  of  instruction. 

Like  the  automata  just  alluded  to,  the  human  voice  esprcaaes  words 
Worrlsoriiriciite  ^X  combining  their  constituent  letters  together.  Uramma- 
uy  coraii.inJnE'  rians  dividc  letters  into  two  groups,  vowels  and  consonants, 
tlefining  the  vowel  as  a  sound  that  can  be  uttered  by  itself, 
the  consonant  taking  its  name  from  the  fact  that  it  can  only  be  uttered 
Mnsonantly  with  a  vowel.  By  personal  experiment,  it  may  be  easily 
proved  that  the  vowel  is  a  eonttnuous  sound,  wiiich  may  be  kept  up  just 
as  long  as  the  breath  will  enable,  and,  on  examining  the  position  of  the 
OniontDiB,  tongue  and  otlier  movable  portions  of  the  mouth,  the  particular 
kDd  vDWKsis,  arrangement  necessary  for  pronouncing  the  letters  ff,  e,  £,  o,  w, 
or  the  sixteen  or  eighteen  vowel  sounds  of  the  Continental  languages,  will 
be  detected*  It  will  be  foiind  that  the  determining  condition  is,  for  the 
most  part,,  the  peculiar  modification  of  the  oral  apertures.  It  will  also 
be  discovered  that  articulation  ig  wholly  independent  of  the  larynx,  since 
merely  by  expelling  the  air  through  the  mouthy  without  permitting  any 
laryngeal  sound  to  be  formed,  all  the  letters  may  be  articulated  in  a  whia- 
jier.  M.  Deleau.  has  illustrated  this  fact  in  an  ingenious  way  by  put- 
ting an  India-rubber  tube  through  the  nostril,  so  as  to  reach  the  poste- 
rior portion  of  the  mouth,  and  causing  another  individual  to  blow  gently 
tlu-ough  it ;  while  the  organs  of  the  mouth  are  silently  thrown  into  those 
Nature  of  wbis-  positions  ncccssary  for  the  utterance  of  any  particular  sound, 
l»ring.  timt  articulate  sound  will  at  Once  appear  in  whispers ;  but 

if,  while  this  is  being  done,  the  larynx  is  permitted  to  yield  a  sound,  two 
voices  then  are  heard,  one  in  audible  speech  and  one  in  a  whi.-ipcr,  the 
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former  belonging  to  the  individiuil  who  is  making  the  experiment,  and 
the  other  arising  from  the  air  which  his  companion  is  blowing  into  the 
tnbe.  There  la  no  kind  of  difficulty  in  constructing  a  simple  kirifl  of  in- 
strument from  which  the  sounds  of  the  vowels  can  be  produced  by  gen- 
tly blowing  air  into  it. 

The  consonants  are  of  two  kindis,  the  explosive  and  continnoas.  The 
former  arise  from  an  abrupt  and  momentary  action,  and  dis-  j^^pio,|ve  v\i 
appear  at  once ;  as  examples  of  these,  the  letters  5,  d,j),  in  coniinoouacon- 
which  it  may  be  remarked  that  the  characteristic  of  the 
sound  disappears  in  an  instant ;  hence  the  term  explosive ;  and  if  any 
attempt  be  made  to  continue  it,  it  issuea  in  the  utterance  of  the  vowel  e  ,' 
but  in  the  continuous  consonants  this  does  not  take  place,  as  in  the  let- 
ters n,J\  8.  In  the  case  of  the  consonantg,  as  in  that  of  tlie  vowels,  the 
peculiar  arrangement  of  the  parts  of  the  mouth,  though  difficult  to  de- 
scribe, may  be  readily  ascertained  by  pergonal  experiment. 

Of  vocal  sounda  thus  originating,  it  may  be  remarked,  that  in  the  low- 
er tribes  of  animals,  their  chief  use  seems  to  have  reference  to  ^^^  ^^^^^ 
the  perpetuation  of  the  race.  Even  in  the  highest,  the  changes  voi™  of  ui- 
of  the  reproductive  and  vocal  organs  often  occur  contempora-  ™  *' 
neoualy ;  but,  thougli  thia  may  be  true  of  mere  sounds,  the  modulated 
variations  thereof  have  a  far  more  general  use.  Of  languages  it  may  be 
said  that  they  are  the  creation  of  groups  or  nations  of  men,  not  of  indi- 
viduals, and  hence  they  reach  beyond  tJie  compass  of  indi-  oflnn^iuafiM: 
vidual  life,  in  some  instances  having  endured  for  thousands  ^^^'"  tiwraiioB, 
of  years,  ilorcover,  if  critically  considered,  each  often  contains  the  his- 
tory of  the  race  by  which  it  ia  ispoken,  and  even  manifests  t!ie  broader 
features  of  ita  character;  so  our  own  tongue  contains  the  indications  of 
the  two  chief  political  events  which  have  befallen  the  English  nation,  at 
least  so  far  as  foreign  relations  are  concerned — the  conquest  of  Britain  by 
the  Eomans,  and,  a  thousand  years  after,  by  the  French.  In  conse- 
quence of  the  first  of  these  events,  the  language  became,  so  far  as  com- 
mon expressions  are  concerned,  almost  bi-linguah  Such  simple  illustra- 
tions as  the  words  God,  deity  ;  fatherly,  paternal ;  motherly,  maternal ; 
heavenly,  celestial ;  earthly,  terrestrial :  heUish,  infernal ;  womanly,  fem- 
ininc,  may  serve  as  exnmplea ;  and  we  can  scarcely  fail  to  remark  how 
often  the  Latin  expression  as  used  adjectively  and  the  8axon  for  the  aub- 
atantives,  juatitying  the  statement  which  we  have  made  that  national 
[anguage  will  often  betray  the  features  of  a  race,  the  obstinate  stubborn- 
ness of  the  Engliah  character  being  manifested  in  thia  retention  of  the 
nouns,  and  the  Roman  conqueat  shadowed  forth  in  the  qualifying  ad- 
jectives. 

Nay,  even  more  than  this,  from  the  structure  of  a  language,  collated 
with  the  history  of  the  people  by  which  it  is  spoken,  we  can  often  judge 
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ConnectioTi  of  of  the  influence  of  events  more  perfectlj-  tlian  in  any  other 
UnguBj^'c  with  ^ay ;  30  in  tlie  two  instances  which  we  are  referring  to  as 
Uritiea  and  illustrations  of  thcse  remarke,  tlie  French  conquest  did  not 
hutory.  make  that  deep  and  abiding  impression  wliicb  the  Uoman  one 

had  done.  A  thousand  years  had  elapsed  between  the  invasion  of  Cseaar 
and  that  of  William  of  Normandy,  eight  hundred  only  from  the  latter 
event  to  our  limes,  yet  the  influence  of  the  masculine  and  civilizing  Ro- 
man has  reached  through  that  long  interval,  has  made  the  deepest  im^ 
pTession  in  the  national  character,  and  is  manifested  in  almost  one  half 
of  the  sentences  that  we  ntter. 

Connected  with  articulate  speech,  it  may  not  be  out  of  place  to  allude 
Bft^stry  of  briedy  to  those  great  advances  wiiich  have  been  made  by  the 
sgundsby wm-  genius  of  man  in  the  permanent  record  or  registering  by 
iog.  written  signs  ;  and  as  sounds  are  of  two  kinds,  musical  and 

articulate,  so  we  have  two  distinct  methods  of  writing  ;  and  this,  leaving 
out  all  the  earlier  and  more  imperfect  forms,  a  method  for  music  and  one 
for  speech.  Of  the  former,  it  is  scarcely  necessary  to  remark  that  it  is 
universal ;  the  combination  of  sounds  designed  to  be  conveyed  ia  com- 
prehended at  once  by  men  of  every  nation ;  but  in  the  writing  for  s^icech, 
various  methods  have  been  employed  at  different  times  and  by  different 
_._  .    nations,  from  mere  picture  writings  each  sign  of  which  called 

odi  of  express-  forth  in  different  languages  different  sounds,  through  the  lii~ 
rag  fljiguage.  gfoglypjijf^  and  Ciiincse  nietiiods  up  to  tliat  most  splendid 
invention  of  later  ages,  alphabetic  writing,  the  principle  of  which  is  ab- 
solutely pcif(;[:t,  because  it  ia  natural,  being  to  decompose  each  word  into 
each  constituent  vowel  or  consonant  sound  which  it  contains,  and  to 
write  a  mark  or  letter  representing  each  of  those  Bounds.  Though  many 
circumstances  have  contributed  to  the  advancement  of  the  human  race,  it 
can  not  be  doubted  that  this  invention  has  exceeded  all  others  in  power. 
Mid  that  alphabetic  writing  has  been  the  great  instrument  of  civilization. 
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CHAPTER  XIX- 

OF  HEiUUNG. 

TV  Sfiaea  T  General  HemarJcs  upon, — Pivf  OrffOs'  of  Sensf. — f^fce^aity  of  Aj^ratusfor  0\t 

AfjprrvUUi'^  of  Tiiiif,  Sf/ai:/,  J^rremiTe,  Titrlfttratttrf,  lOitl  Chfiniraf  i^uafitin. 
Of  ilrarin^. — fJeoerai  i.'ytrurture  af'lJie  ftr^iiH  of'  I/tunnff. — S-'hysiei>(  i'ervliaritifs  of  Sotmds,  Itt-- 

t&iBtif,  71™<!  of  ViLfntiim,  and  Quxilitif. —  Th«  T^jmnbtH^  Cockka,  tad  Semidrcuitir  CanaJf 

are  for  thf  Apprrci'ition  rf  tliejur  jirmliaride*. 
Stnirturr  and  Faurt'iHiif  (f  the   Ttfmfjflniirit,  Of  JifMUMmntTit  of  IntmfUtf, 
Stritcfur^  of  tim  Corfdea,  itn  .^fiirnl  lyimiita  and  Scu^fr. — MeagHrfx  ttie  Tune  of  Vifrration. — Je- 

rompiixfim&rit  of  Intfrfertiire -in  the  Sixtla. —  Cti'aparnlive  Amttumtf  of' the  CocAlea, 
Strvctvre  ff  tht  Sfi'tt'circitlftr  Ctiftjls. —  T/try  rvtimale  iht  (^hjHii/  o/'  ,Si«m'is, 
Oamparalii'*^  A  nalomif  tf  the  Atdilary  Mfchattiam.^~!fx  Prayreaii  in  Itn-eltijimtal. — Impfrfectian 

pf  tht  Doctmte  of  Meani  and  Hud*. 

OF  TIfE  SENSES. 

The  oiganB  end  functions  wluch  have  thus  far  been  described  have 
reference,  for  the  most  part,  to  tlie  conservation  of  the  indi-  Function  of 
vidual  being,  maintaining  ils  structure  nnimpaircd,  notwitii-  ^^*'  ^"^^*- 
standing  tiic  waste  it  ia  pcrpetuailj  undergoing,  or  conducting  its  derel- 
opment.  \\'e  now  enter  on  the  consideration  of  a  totally  distinct  ap- 
paratus, the  olject  of  which  ia  to  put  the  individual  in  relation  with  ex- 
ternal nature^  and  to  which,  tlieret'orc,  the  deaiguatioii  of  iDeehanisni  of 
extem.il  i-elation  may  he  appropriately  given. 

For  the  sentient  being  in  its  highest  development,  means  miist  be  pro- 
vided for  the  perception  of  time,  space,  force,  and  quality.  Five  organs 
This  is  accoinphahed  by  what  are  termed  the  organs  of  sense.  <>*"  s^^s^- 
They  are  five  in  niamlier:  1st.  The  organ  of  hearing;  2d,  That  of  see- 
ing; 3d.  That  of  touching  ;  4th.  That  of  smelling;  5th.  That  of  tastbg. 
In  the  further  description  of  the  scnscsT  it  will  be  found  that  the  ear  is 
the  organ  of  time ;  the  eye  that  of  space  ;  the  tactile  apparatus  ia  for  the 
perception  of  I'orcc;  and  tlmt  the  mcchaniain  for  smelling  and  tasting  con- 
jointly determine  the  chemical  qualities  of  bodies ;  tliat  of  smelling  ad- 
dressing itself  to  substances  wliich  are  in  the  vaporoiis  and  gaseous  state; 
and  that  of  tasting,  to  such  as  are  liquid  or  dissolved  in  water. 

We  shall  pursue  the  description  of  the  aeoses  Ln  the  order  in  which 
they  have  been  just  enumerated,  premising  of  them  respect-  tHb  ear  la  the 
ively  that,  the  function  of  hearing  being  the  reception  of  the  ^"^^  *^  "™*" 
anccession  of  sounds,  periods  of  silence,  musical  notes,  and  their  modu- 
lations, together  with  tJie  pecuriarities  of  articulate  speecli,  thinga  which 
are  all  inherently  and  essentiaJly  connected  with  the  lapse  of  time>  the 
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The  eyo  is  ihtt  eoT  is  in  a  philosophical  sense  the  time  org;aTi ;  that,  the  func- 
orgBnofspn^t.  ^j^^jj  of  fjig  ^je  being  the  estimation  of  extents,  the  position 
of  objects^  tliciraizes  and  apparent  diatancea^  this  apparatU3  is,  in  reality, 
the  space  organ,  it3  iiidioatiotis  in  this  particular  Iwing  rendered  more 
pcTspicuou^s  and  more  intense  by  ita  quality  of  being  atlected  by  varia- 
tions of  color;  tliat  aa  the  tactile  mechanism  is  affected  by  extraneous 

.  .  J.  forces,  such  as  pi-essures,  eatimating  their  degree  of  power,  ami 
prcflsure  aod  beii]g  likewise  influenced  by  things  whicli  are  at  a  distance, 
tmnjjerature.  ^^^^  temperatures  of  wliich  are  different  from  the  standard 
which  it  obaervei*,  but  not  by  electrical,  magnetic,  or  luminous  agenciee, 
we  may  infer  that  its  functions  are  limited  to  a  relation  with  mecfianical 
SmeiUnd tafttB  pOwcrs,  Strictly  speaking,  a^id  ta  heat ;  that  smell  and  taste, 
for  ch&miriiJ      thouoh  Conveniently  treated  of  as  separate  functions,  de- 

1.L  liijuida  pendent  on  separate  organs,  are,  in  reality,  allied  m  the  de- 


es un< 


respiH^iivdy.  termination  of  the  chemical  pecuUdriticffl  of  bodies,  and  re- 
spectively adapted  to  the  appreciation  of  those  peculiarities,  according  as 
the  substance  presented  may  liavc  the  gaseous  or  liquid  form. 

OF  HEARIXG. 

The  organ  of  hearing  ia  composed  of  three  parts,  the  extcnial  ear,  the 
tympanic  cavity  or  tympanum,  and  the  labyrinth, 

The  external  ear  consists  of,  lat.  The  pinna,  which  ia  for  the  purpose 
Of  iho  txtcr.  of  collecting  soniferous  waves,  and  directing  them  inlo,  2d. 
aal  eor.  fJie  mcatus  auditorius  or  auditory  canal,  a  tube  about  an  inch 

long,  and  extending  to  the  tympanum.  It  is  not  perfectly  cylindrical, 
its  vertical  diameter  being  the  greatest,  and  it  is  curved  so  as  to  be  con- 
cave downward.  TIic  interior  ia  protected  by  haira,  and  by  a  waxy  se- 
cretion of  the  cemminous  glands. 

The  tympanum,  tympanic  cavity,  or  middle  ear,  is  within  the  petrous 
Ofthetj-mpa-  honq.  It  is  bounded  exteriorly  by  a  thin  oval  membrane, 
owu  the  m«mbrana  tj~mpani,  which  is  placed  obliquely  across  the 

meatus,  e,t  an  angle  of  about  45  degrees,  its  outward  plane  looking  down- 
ward. Across  the  tympanum  there  ia  a  chain  of  three  small  bones,  the 
maUeua  or  hammer,  the  incus  or  anvil,  and  the  stapes  or  stirrup.  The 
malleus  is  attached  by  its  handle  to  the  membrana  tympani,  and  the 
stapes,  which  is  at  the  other  extreme  of  the  chain,  is  fastened  by  its  foot- 
plate to  the  membrane  of  the  fenestra  ovalia.  To  the  abort  process  of 
the  malleua,  the  tendon  of  the  tensor  tympani  la  attached,  and  to  the  neck 
of  the  stapes  the  stapedius.  Besides  these,  other  muscles  of  the  tympa- 
nic cavity  may  be  doubtfully  mentioned,  as  the  external  muscle  or  laxa- 
toT  tympani,  and  the  laxator  tympani  minor.  Into  the  tympanic  cavity 
there  are  ten  openings,  of  which  the  more  important  ones  are,  1st.  That  of 
the  meatus  auditorius;  2d.  The  fenesti-a  ovnlis,  which  is  of  an  elliptic 
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ahape  anti  opposite  the  preceding,  the  foot-plate  of  the  st&pes,  as  has  been 
aaid,  being  placed  upon  it ;  it  is  also  Bometimea  called  fenestra  vestibuli ; 
3d.  Fenestra  rotunda,  which  13  below  tlie  preceding,  and  separated  from 
it  by  the  promontoiy.  FroTii  the  circumalance  that  it  leada  from  the 
tj'mpanum  to  the  cochlea,  it  is  alao  called  fenestra  cochlcie  :  like  the  pre- 
ceding, it  is  closed  by  a  douldc  membrane;  4th.  The  Eustachian  tube, 
which  extends  from  the  anterior  of  the  tympanum  to  the  pharyni ;  andi 
5tL  The  mastoid  cells.  The  smaller  openings  are  for  the  passage  of  va- 
rious nerves  and  muacScs. 

The  labyrinth,  calk'd  likewise  the  internal  ear,  consists  of  three  parts, 
the  vestibule,  the  scmictrcular  canals,  and  the  cochlea. 

The  vestibule  has  three  comers,  an  anterior,  a  superior,  and  a  poste- 
rior, termed  its  ventricles.  There  Open  into  it  the  fenestra  ofihelahj-. 
ovalis.thcacalavestibulijand  the  live  openings  of  the  three  sem-  "'"''• 
icircular  canals.  Hesidea  these  there  are  some  smaller  ones,  as  the  aque- 
duct of  the  vestibule,  and  foramina  for  small  arteries,  and  for  the  branch- 
es of  the  auditory  nerve.  The  semicircular  canals  are  three  bony  aemi- 
circlea  opening  into  the  vestiljule :  upon  one  of  the  branches  of  each  there 
is  a  dilatation,  the  ampulla.  The  three  canals  are  respectively  placed  in 
planes  at  right  angles  lo  each  other.  The  cocldea  is  a  spiral  bony  canal 
raised  upon  a  central  a.xis,  the  modiolus :  its  interior  is  diiiided  into  two 
passages  or  scalar  liy  the  lamina  spiralis.  These  conmiunicatc  at  the 
apex  of  the  cochlea  tlirough  a  small  aperture,  their  other  extremities 
opening  diiferenlly ;  the  seala  veatihuli  into  the  anterior  ventricle  of  the 
vestibule,  and  the  scala  tympani  through  the  fenestra  rotunda  into  the 
tynipanuui.  The  labyrinth  contains  interiorly  a  membrane,  the  mem- 
branous labyrinth.  Between  the  membranous  labyrinth  and  the  bony, 
a  liquid,  the  perilymph,  intervenes ;  the  membranoua  lab^Trinth  being 
also  fillGd  with  liquid,  the  endolyraph.  There  is  no  perilymph  in  the 
cochlea,. 

Of  the  three  portiong  of  the  car,  the  e^slemal  c-aiial  is,  of  course,  full 
of  air,  as  is  alao  tlie  tympanic  cavity  or  drum  ;  but  the  labyrinth,  as  we 
have  seen,  is  filled  with  a  liquid,  and  in  this  the  terminal  filaments  of 
the  auditory  nerve  are  placed. 

The  essential  part  of  the  mechanism  of  hearing  is  the  auditory  nerve, 
which  arises  from  the  anterior  wall  of  the  fburth  ventricle,  ofibflaudi- 
and  then,  joining  the  facial,  passes  fonvard  upon  the  cms  cer-  ^T.vien.c. 
cbelli  J  reaching  the  meatus,  it  divides  into  two  portions,  the  cochlear  and 
vestibular  nerves,  which  subdivide  again,  and  arc  distributed  to  the  ves- 
ttbulc  and  cochlea  respectively  in  the  manner  hereafter  explained. 

VIEW   OK   EXTEKKAL,  MUJDLE,  AHD  nTFEBHAL  SAB. 

Figi,  183  :  a,  a,  pavilion  and  external  auditory  canal,  or  external  ear ; 
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Ffff.  183, 


£nenikl,  miildle,  kud  LdUiiik]  i«r. 


b,  tympanic  cavity,  containing  tlie  bonea ; 

c,  hammer  and  its  three  muscles,  viz., 
rf,  internal  rauscle,  lodged  b  the  thick- 
ness of  the  superior  wall  of  Eustachian 
tube,  and  bending  at  a  right  angle  to  be 
inserted  in  superior  part:  of  liaiidle  of 
liamnier ;  e,  anterior  muscle  of  hainmerj 
/;  external  nutsde  of  hammer ;  ff,  inte- 
rior half  of  merabrana  tynipani,  holding 
the  handle  of  the  hammer;  /^  tube  of 
Eustacliiua ;  ?",  internal  ear  or  labyrinth. 


Tynijiiuii'  civity. 


TTMPABIC    CAVITT,  ITS    POSE.B,  VC9CLEB,  A>"D    KBRVES. 

J'^iff,  J84:  a,  hammer,  holding,  by  the  anterior  and  superior  part  of  its 

handle,  and  by  ita  round  extremity,  A,  the 
membrana  tympani;  c,  iutemal  muscle  of 
hammer  :  f/,  mtirrup  upon  fcite.s[ra  ovalis  ; 
e,  ■muscle  of  stirrup ;  1,  facial  nerve,  eoni- 
inunicating  with,  2,  great  superficial  pa- 
troBal,  and,  3.  little  superficial  petrosal ; 
4,  chorda  tyuipani ;  5,  5,  nervous  twig  of 
Internal  muscle  of  hnmmei',  arising  from 
motor  portion  of  Hfth  pair,  and  traversing  otic  ganglion ;  ti,  nervous  twig, 
arising  from  facial  and  going  to  muscle  of  stirrup  ;  7,  ganglion  of  Uasaer. 

DUOBAX    AUaWIKI^    TilE    FACIAL    IK    THE    Aq^EDIJI^T   OF    FALLdPlUS  kXD   ITB   AHASTUKQBBB' 

^iy.  185  :  1,  facial ;  2,  nerve  of  Wrisberg;  3,  petrosal  twig  of  vidian 
Fir^  1B5.  nerve ;  4,  ganglion  of  Meckel  j  5,  little 

petrosal  of  Longet ;  6,  twig  of  itniscle  of 
stirrup  ;  7,  auricular  twig  of  Arnold  i  8, 
chorda  tympani,  cut ;  9,  ganglion  of  An- 
dersch  ;  10,  nerve  of  Jacobson,  divided 
into  six  twigs,  viz.,  1 1,  twig  anastomos- 
ing with,  12,  carotid  plexus,  13,  twig 
anastomosing  with  great  superticial  pe- 
trosal (little  deep  petrosal  of  Arnold),  14, 
little  superficial  of  Arnold,  uniting  with  little  petrosal  of  Longet  to  form 
15,  a  comuion  trunk,  wliich  goes  to  IG,  otic  ganglion  ;  17,  twig  of  fenes- 
tra rotunda ;  IS,  twig  of  ienestra  ovalis ;  19,  twig  of  tube  of  Enidtachiua. 
The  explanation  usually  given  of  the  fiinctions  of  these  various  parts 
Commoji  hr-  13  as  follows  :  The  waves  of  sound,  moving  through  the  at- 
funS  ufibfi  inosphere^  pass  down  the  exterior  canal  and  strike  upon  the 
ttudiiurv  parta.  membrane  of  the  drum,  which  is  thrown  into  vibration  there- 


Fb'CUJ  in  Lho  ariufduct  of  FA]lD'plti& 
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by.  The  little  bones  wliicli  fonn  a  chain  from  tliia  membrsne  to  the  ova] 
one  at  the  back  of  the  drum  participate  in  this  movement,  and,  indeed, 
ser^e  to  convey  it»  without  much  loss,  across  the  cavity.  It  is  oonsider- 
ed  that  thia  is  their  fmictioii,  flince  it  may  be  proved  experimentally  that 
wave  sounds  going  through  such  a  solid  combination^  flurrouudcd  by  at- 
mospheric air,  pass  with  but  very  little  loss  of  intensity.  Under  the  im- 
pulses thus  Gommunicutcd  to  it,  the  oval  membrane  commences  to  vi- 
brate, and  ill  those  movements  the  water  in  the  labyrinth  joins  ;  and  so 
the  lilamentrf  of  the  auditory  jierve  become  affected,  and  the  sensation  of 
aoiuid  irf  transmitted  to  the  brain.  It  is  supposed  that  the  threts  semi- 
circular canals,  which  are  eet  at  right  angles  to  one  another,  &.&  it  were, 
occupybi^'  the  three  adjoining  faces  of  a  cube,  arc  for  the  purpose  of  de- 
termining in  what  direction  the  sound  is  coming — whether  up\vnrd,down- 
ward,  or  laterally.  Moreover,  it  is  believed  that  the  little  muscles  which 
operate  on  the  menjljrane  of  the  drum  have  the  duty  of  lightening  or 
slackening  it  so  as  to  receive  the  sounding  waves  in  the  most  available 
way. 

It  is  not  necessary  to  enter  on  a  lengthy  criticism  of  this  explanation. 
Physiologiata  have  long  regretted  that  it  assigns  no  use  for  p, . . , 
many  of  the  most  complicated  and  delicate  arrangements  con-  this  hypothe- 
necled  with  the  ear,  ortcrs  no  ex}danation  of  the  manner  in  ^^"' 
which  that  intricate  orgfin  is  enaJjh^d  to  preK-nt  to  the  mind  the  various 
relations  of  sound,  and  is  inconsistent  with  many  of  the  facts  of  compar- 
ative anatomy.  Indeed,  it  is  very  plain  that  a  true  interpretation  of  tJie 
action  of  the  different  regions  and  structures  of  the  car  can  .only  be  given 
from  a  conjouit  study  of  the  physical  nature  and  properties  of  sounds,  of 
the  peculiarities  of  the  soniferous  waves  which  it  is  necessary  pmiierniodcof 
for  U3  to  perceive,  of  the  comparative  anatomy  of  the  ear  as  fi>t*i">fiBa 

,  .         11-1  .'i-c  1       ■  1  1  ''■"'*  iiilprjuret- 

presented  in  all  tribes  ot  liie  ;  and,  smcc  there  must  be  a  cor-  aiior)  &f  ihcsft 
respondence  among  the  lower  tribes — perhaps  we  might  Iiave  '""n^^i^""*' 
said  the  higher  too — between  the  organs  of  voice  and  the  organs  of  audi- 
tion, the  obscure  points  in  the  structure  of  the  latter  may  be  illustrated 
by  what  is  known  of  the  former.  To  these  might  be  added  the  study  of 
its  emhryoitiG  development.  It  is  by  the  aid  of  those  ditierent  means 
that  I  pass  to  the  description  of  the  function  of  audition. 

What,  then,  are  the  physical  peculiarities  existing  in  the  waves  of 
sound  which  we  actually  perceive?  They  are  these  three,  T^,,f^p_|,,,i(,jji 
1st.  Tiie  intensity,  that  is,  loudness  or  feebleness  of  the  pec uliari ties o( 
sound;  2d.  Ita  note  or  pitchy  3d.  Its  qualitj-;  for  two  sounds  """"  " 
of  the  same  intensity  and  note  may  differ  characteristically.  The  sound 
of  the  violin,  differs  from  that  of  the  flute,  and  this,  again,  from  that  of 
the  human  voice.  Our  organ  of  audition  is  so  constructed  that  it  is  af- 
fected by  each  of  these  peculiarities,  and  transmits  them  to  the  mind. 
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In  this  respect  we  may  speak  of  it  as  a  perfect  organ  ;  for  all  mathemati'^ 
dans  who  have  written  on  the  subject  of  sound  agree  in  settbg  fortli  the 
three  peculiarities  that  have  been  mentioned,  intensity,  note,  quality,  as 
the  grand  features  of  waves  of  sound,  and  this  upon  &  mere  abstract  dis- 
cussion of  acoustics.  Now  these  three  essential,  abstract,  or  theoretical 
peculiarities  of  sound-waves  are  the  very  three  which  the  organ  of  hear- 
ing seizes  upon,  and  so  we  are  Justified  in  saying  that,  in  this  respect,  it 
is  perfect  in  its  construction.  Premising  the  remark  that  nmtliemati- 
cians  have  abundantly  proved  that  the  intensity  of  sounds  depends  upon 
the  amplitude  of  excursion  of  the  vibrating  particles,  and  the  pitch  or  note 
upon  wave  length,  I  shall  now  proceed  to  offer  some  arguments  in  proof  of 
the  proposition  that  the  triple  function  of  the  ear  is  discharged  in  the  fol- 

Funciionoftho  ^°?'i^"g  ^^7  ■  ^^^'  That  tJic  drum  is  for  the  measurement  of 
ilruni^  TOL-hlci,  intensity;  2d.  The  cochlea  for  the  recognition  of  wave  length; 
■"  "°  3d.  The  semicircular  canals  for  the  appreciation  of  quality. 

I  shall  endeavor  to  show  that  the  ear  is  not  a  homogeneous  organ,  as  the 
older  hypothesis  supposed,  but  that  otie  or  other  of  these  instnimental 
parts  may  be  absent,  and  witl^it  will  disappear  its  special  functio«,  forti- 
fying this  view  with  facts  presented  by  comparative  anatomy,  by  embry- 
onic develo])inent,  and  also  by  the  relations  of  the  voice,  and  showing 
the  parallel  liCtween  the  structure  and  functions  of  the  ear,  the  organ  for 
normal  vibrations,  and  of  the  eye,  tlie  organ  for  transverse  ones  ;  and  the 
analogy  and  tlie  identity  of  their  embryonic  development ;  that,  for  in- 
stance, the  drum  is  the  equivalent  of  the  iris,  and  the  cochlea  of  the  ret- 
ina and  its  adjacent  parts. 

1st,  On  the  measurement  of  the  intensity  of  sound,  structure  of  the 
tympanic  cavity  or  drum,  and  its  functiona- 

The  tympanic  cavity  or  drum  of  the  ear,  as  we  have  briefly  described, 
,  is  an  air  cavity  of  a  cylJndroid  and  flattened  shai^c,  in  the 
iha  iirciin  and  pctrous  portion  of  the  temporal  bone.  Oulwardly  it  is 
ita  functipaii.  ijoundcd  by  the  membrana  tympani,  and  on  other  sides  by 
the  petrous  bone :  it  is  crossed  by  a  chain  of  bones,  tliree  in  nuniber,  and 
named  tlic  malleus  or  hammer-bone,  the  incus  or  anvil,  and  the  stapes 
or  stirrup.  The  Eustachian  tube  affords  a  channel  of  communication 
from  the  interior  of  the  drum  to  the  pharynx.  Moreover,  tliere  is  a  com- 
munication with  the  mastoid  cells,  but  the  Eustachian  tube  is  the  only 
outlet  to  the  atmosphere.  The  whole  cavity  of  the  tympanum  ia  lined 
with  mucous  membrane  and  ciliated  epithelium,  which  is  also  reflected 
over  the  bony  chain.  Upon  the  inner  wall  of  the  tympanum  are  two 
chief  apertures,  the  fenestra  ovalis  and  the  fenestra  rotunda,  each  closed 
by  membrane.  The  chain  of  bonea  is  attached  at  one  end  by  the  handle 
of  the  malleus  to  tlic  membrana  tympani,  at  the  other  by  the  foot  of  the 
stirrup  to  the  membrane  of  the  fenestra  ovalis. 
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It  is  to  Le  remarked  (hat  the  irnembTanti  fjrnpani  is  placed  obliquely 
at  the  bottom  of  the  external  canal.  In  a  IioUow  liony  cone,  ActLoti  of  chi- 
rising  upon  the  interior  wall  of  tKe  tj'nipnnum,  and  Ciilled  the  [enlTr  tvm- 
pyramidj  the  stapedius  muscle  is  placed.  Through  a  little  p*n'- 
aperture  at  the  apex  of  the  pyramid  its  tendon  goes  outj  and  is  inserted 
in  the  neck  of  the  stapes.  Its  action  seems  to  be  to  make  pressure  on 
the  membTane  of  the  fenestra  ovalia,  but  as  it  does  this,  it  tilts  the  stapes 
into  an  oblique  position.  A  eccond  iimscle,  the  tensor  tympani,  is  at- 
tached in  front  to  the  under  siirface  of  the  petrous  bone,  and  ia  inserted 
in  the  short  process  of  the  malleus;  when  it  contracts  it  makes  tension 
upon  the  meinbrana  tympani,  flrawing  it  more  tightly  inward.  It  ia  to 
be  especially  remarked  of  both  these  muscles  that  they  are  volantary ; 
that  is,  of  the  striated  variety.  Two  other  muaclea  are  described  by 
some  anatomists,  and  have  been  indicated  in  ^iff'  183  and  184,  Tbeir 
existence,  however,  is  disputed  by  others. 

In  the  opinion  of  Mr.  Toynbee,  the  action  of  the  two  voluntary  mus- 
cles of  the  ear  h  as  follows.  By  the  tensor  tj-mpani  tlie  mt.  Toi-hTk-o's 
base  of  the  stapes  is  pressed  inward  toward  the  ■vestibule,  as  vLertsoftlieac- 

,  lion  of  the  Bta- 

is  a  piston  m  its  cylinder,  and,  as  soon  as  the  muscle  ceases  |^,ediu»aTidiuD- 
to  act,  the  elastic  ligaments  which  attach  tlie  circumference  ^'^'J^'P*"'- 
of  the  base  of  the  stapes  to  that  of  the  fenestra  ovalis  draw  it  out  again. 
The  sUqwa  is  moved  by  two  nnisclesj  the  tensor  tympani  and  the  stape- 
dius, it  being  commonly  supposed  that  the  latter  aids  the  former  in  press- 
ing the  3Uq>c3  inward,  but  lie  shows  that  it  rotate,?  the  base  of  the  stapes 
and  witiidraws  it  from  the  cavity  of  the  vestibule.  This  may  be  deraon- 
Btrated  by  pulling  the  stapedius,  when  the  fluid  in  the  scala  vcstibuli 
will  be  foiuid  to  move  correspondingly.  He  therefore  asserts  tiiat  the 
stapedius  ia  the  antagonist  of  the  tensor,  the  former  relaxing  the  laby- 
rinthine fluid,  raerabrana  rotunda,  and  mcmbrana  tympani,  the  latter 
rendering  them  inorc  tense.  Agreeably  to  this,  the  sta|x;diu3  is  supplied 
from  the  portio  dura,  and  the  tensor  from  the  otic  ganglion.  This  con- 
Btruction  might  lead  to  the  supposilion  that  the  tensor  affords  protcetion 
from  loud  sounds,  and  the  .-^tajiiedias  enables  the  most  delicate  whisiKT  to 
be  heard,  as  in  listening.  Together  they  regulate  the  amount  of  sono- 
rous vibrations  which  enter  tlie  labyrinth.  Hence  the  effect  of  the  de- 
Btriiction  of  the  membrana  tympani  is  to  make  sounds  taiendurable.  In 
confirmation  of  tins  is  quoted  the  case  of  a  jiatient  who,  under  those  cir- 
cumatatices,  could  not  bear  the  whistling  of  another  patient  in  an  adjoin- 
ing bed,  and  the  observation  of  Clieselden  that  a  dog,  in  which  both 
raembrana^  tympani  had  been  destroyed,  for  some  time  received  strong 
BOundfi  with  horror. 

We  shall  now  present  some  reasons  for  supposing  that  the  function 
of  the  tympanum  is  for  determining  the  first  property  of  aounding  waves, 
that  IP  their  intensity. 
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It  has  been  proved  by  the  experiments  of  Savart  and  Miitler,  that 
Of  tbe  Ociertn-  wlien  the  tension  of  the  membrana  tympani  is  increased,  so- 
i""^"^  "^  J,*"^  noroua  undulations  pass  with  less  readmeas  through  it.  In- 
aifcrouswaT^s.  deed,  this  may  be  verified  by  personal  experiment,  as  when, 
by  a  strong  effort  of  expiration  or  inspiration,  the  mouth  and  nostrils  be- 
ing closed,  we  compresa  air  into  the  tympanic  cavity  or  withdraw  it  there- 
from through  the  Eustachian  tube,  and  thereby  stretch  the  membrana 
tympani  outwardly  or  inwardly,  the  hearing  at  once  becomea  indistinct, 
and  sounds  are  enfeebled.  The  same  ensues  on  going  down  in  a  diving- 
bellj  or  suddenly  ascending  in  a  balloon.  Of  the  former  etTect,  Dr.  Col- 
DeBfnessin  the  ladon  gtvcs  the  following  flccoTint  dimng  a  descent  in  a  div- 
diving-bell.  ing-bell  at  Howth  in  1820.  "We  descended,"  says  he, 
"bo  slowly  that  we  did  not  notice  the  motion  of  the  bell;  but  as  soon 
as  the  bell  was  immersed  in  water,  wc  telt  about  the  ears  and  forehead  & 
sense  of  pressure^  whicli  continued  increasing  during  some  minutes.  I  did 
not,  however,  experience  any  pain  in  the  ears,  but  my  companion  suffered 
so  much  that  we  were  obliged  to  3top  our  descent  for  a  short  time.  To 
remcdj-tbat  inconvenience,  the  workmen  instructed  ua^  after  having  closed 
our  nostrila  and  mouth,  to  endeavor  to  swallow,  and  to  restrain  our  respi- 
ration for  some  moments,  in  order  that,  by  this  exertion,  the  external  air 
might  act  on  the  Eustachian  tube.  Jly  companion,  however,  having  tried 
it,  found  himself  very  little  relieved  by  this  remedy.  After  some  minutes 
wc  resumed  our  descent.  My  triend  suffered  considerably:  he  was  pale  ; 
his  lips  were  totally  discolored;  his  appearance  waj?  tliat  of  a  man  on  the 
point  of  fainting  ;  he  was  in  involuntary  low  spirits,  owing  perhaps  to  the 
violence  of  the  pain,  added  to  that  kind  of  apprehension  whidi  our  situa- 
tion unavoidably  inspired.  This  appeared  to  mc  the  more  remarkable,  aa 
my  case  was  totally  the  reverse.  I  was  in  a  state  of  excitement  resem- 
bling the  effect  of  some  spirituous  liquor.  I  suffered  no  paJii.  I  expe- 
rienced only  a  strong  pressure  around  my  hoatl,  as  if  an  iron  circle  had 
been  bound  about  it.  I  spoke  with  the  workmen,  and  had  some  diffi- 
culty in  hearing  them.  This  difficulty  of  hearing  rose  to  such  a  height 
that  during  three  or  four  minutes  I  could  not  hear  them  speak.  I  could 
not,  indeed,  hear  myself  speak,  though  I  spoke  as  loudly  as  possible, 
nor  did  even  the  great  noise  caused  by  the  violence  of  the  current  against 
the  sides  of  the  bell  reach  my  eara.'^' 

Under  natural  circumstances,  a  stretching  of  the  membrane  inwardly 
A  t"  rthc  ^^  accomplished  by  the  contraction  of  the  tensor  tympani  mus- 
mu&desof  the  clc,  tlie  stapedius  holding  tight  contemporaneously  on  the 
ijTnpatiuui.  j^^^  ^j.  ^j^g  stirrup,  and  preventing  disturbance  of  position  of 
the  bony  chain  at  that  end,  and  hindering  any  outward  bulging  of  the 
membrane  of  the  fenestra  ovalis.  When,  therefore,  the  soniferous  waves 
impinge  upon  the  membrana  tympani,  they  tend  to  throw  it  into  vibra- 
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tion ;  the  tenaor  tympani  contracts  to  such  an  extent  as  to  bring  tlie 
membrane  to  a  standard  of  tension,  and,  since  this  tnuscte  is  of  the  vol^ 
iintary  kind,  the  mind  judges  of  the  degree  offeree  which  ia  required  to 
produce  that  reault  just  as,  when  we  lift  from  the  ground  bodies  of  dit- 
ferent  weights,  we  judge  with  a  txrtaln  precision  of  the  degree  of  force 
necessary  to  lie  put  tbrth.  The  condition  of  contraction  of  the  tensor 
tympani  therefore  eiiaUeci  the  mind  to  measure  the  intensity  of  the  sound- 
ing waves. 

But  (lii3  muscular  contraction  is  strictly  a  reflex  act,  and  i5  therefore 
preceded,  aa  all  such  acts  are,  "by  an  impression.  That  impression  is 
made,  as  we  shall  presently  find,  primarily  on  the  auditory  nerve.  But 
since  these  reflected  actrt  are  not  sensory,  the  mind  has  no  knowledge  of 
the  effect  impressed  in  this  respect  upon  the  auditory  nerve,  and  only  be- 
comes seneiblc  of  it  in  an  indirect  way,  through  the  contractions  which 
have  ensued  in  the  tensor  tympani  muscle. 

In  this  view  of  the  case,  the  uso  of  the  Eustachian  tube  becomes  ob- 
vious ;  it  is  to  form  a  ready  passage  for  the  air  inwardly  or  rworthcEus- 
outwardly,  so  that  no  condensation  or  rarefaction  shall  occur  '■"^'""n  '""W' 
within  the  tympanic  cavity;  for  such  rarefactions  and  condensations 
would  disturb  the  action  of  the  contracting  nmscle.  and  make  it  yield  a 
false  estimate.  Besides  this,  the  Eustachian  tube,  as  has  long  been 
known,  affords  an  outlet  for  mucus. 

In  the  explanation  here  presented,  the  function  of  the  ossicles  is  rather 
tor  the  pui-pose  of  tension  than  of  conduction,  though  jt  is  FunctioTioftte 
not  denied  that  sounds  may  pass  readily  along  them.  They  *'*>'^''«^^^- 
are  to  be  regarded  as  aiding  in  the  perfection  of  auditory  perceptions,  bat 
yet  not  aa  being  absolutely  essential  to  the  appreciation  of  sounds,  or 
even  of  their  iiner  modifieittions.  Whatever  affects  the  facility  of  vibra- 
tion of  tlie  membraiia  tympani,  such  as  its  thickening,  or  stiffening,  or 
iinnsual  dryness,  will  render  the  hearing  dull,  but  the  membrane  itself 
may  be  poribratedt  or  even  undergo  extensive  lesions,  without  any  appar- 
ently corresponding  eflect.  But  if  the  stajjea  be  injured  or  be  removed, 
deafness  is  at  once  the  result. 

There  is  nothing  remarkable  in  the  precision  with  which  the  contrac- 
tions of  the  two  muscles  which  stretch  the  -membrane  of  the  precision  in  «&• 

drum  are  made.     The  same  precision  is  illustrated  in.  the  ti'natinjr  tbo 

,.  ,  ,  I  .  I       1-  ,  1         1  mi  conirdciioa  of 

case  01  the  muscles  which  adjuat  the  vocal  cords.      The  state  the  auditory 

of  these  may  be  determined  to  the  -ry^-Qrg;  V^^'^  '°^  ^^  inch.       muades. 

It  might  perhaps  be  inquired.  Why  should  not  the  function  of  determ- 
ining the  intensity  of  sounds^  as  well  aa  their  wave  length,  be  imputed 
directly  to  the  auditory  nerve?  It  is  with  the  ear  as  with  the  eye,  the 
mechanism  for  determining  wave  length  can  only  act  with  uniformity 
when  the  agent  to  be  measured  la  reduced  to  a  standard  intensity.     A 
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bright  light  falling  upon  the  eye  brings  on  a  contraction  of  the  pupil. 
And  so  with  the  ear.  A  partial  deafening  must  be  establbhed  to  adjust 
the  intensity  of  sound,  that  the  auditory  nerve  may  act  under  standard 
ujicumstaiiccs.  The  primary  inipression  therefore  made  upon  that  nerve 
by  the  loudness  of  sounds  is,  so  to  speak,  consumed  by  being  converted 
as  a  reflex  act  into  motion,  because  there  is  a  necessity  that  the  tensor 
and  stapedius  should  move,  and  reflex  acts  do  not  aftect  the  mind,  hut 
it  instantlj  perceives  the  conditiou  of  contraction  of  those  muscles,  and 
eo  estimates  the  intenbity  of  tlie  sound. 

2d.  On  the  measurement  of  wave  Icnglli,  or  time  of  vibration  of  sounds. 
Structure  of  the  cochlea  and  its  functions^ 

The  structure  of  the  cochlea  is  so  significant  that  its  true  fttnction 
stmctiara  of  liJi3  been  long  ago  more  or  less  distinctly  recognized.  TiiuB 
iha  cochlea,  jy^.  Young  speaks  of  it  as  a  micrometer  of  sound.  Many 
phyaiologisla  regard  it  aa  determining  the  note  or  pitch.  Any  on&who 
remarks  the  gradually  decreasing  width  of  its  spiral  lamina,  and  the 
manner  in  which  the  ultimate  filjimcnts  of  the  auditory  nerve  arc  spread 
thereon,  becoming  shorter  and  shorter  as  they  ascend  the  scale — who  re- 
calls the  structure  of  the  harp,  or  gradually  shorter  strings  of  the  piano- 
forte, could  scarcely  fail  of  being  impressed  with  tlic  tnitli  of  this  conclu- 
sion. The  function  of  the  cochlea  ig  the  determining  of  wave  length, 
that  is,  the  time  of  vibration  or  note  of  sounds. 

The  cocldea  ha'*  been  described  as  resembling  a  snaila  shell  in  appear- 
ance. It  is  a  conical  lube,  wound  spirally,  and  making  two  and  a  half 
turns.  The  interior  of  tliis  conical  and  ppirally-windiug  tul»e  is  divided 
thi-ougliout  its  length  into  two  portions  by  means  of  a  transverse  parti- 
tion, which,  following  the  spiral  winding  of  the  tube,  has  had  the  name 
of  lamina  spiralis  bestowed  on  it.  The  two  partitions  produced  by  the 
„.    ,         ,      intervention  of  this  lamina  are  called  scala  vestibuli  and 

Tfae  ttro  acalic.  •  c     i       i     i-        i 

scala  lympani.  At  the  top  or  point  of  the  helix  the  two 
scalae  communicate  through  a  little  hole,  irom  the  cessation  of  the  lamina 
spiralis.  To  this  opetiing  or  deficiency  the  name  of  helicotrcma  is  given. 
Considering  the  two  Hcahn  a.s  separate  tubes,  their  mouths  open  diflFer- 
cntly ;  tlic  scahi  veatibuli  opens  into  the  vc?^tibulc  of  tlic  labyrinth,  and 
we  may  therefore  regard  the  membrane  of  the  fenestra  ovalis  as  being 
virtually  its  boundary  or  closure,  but  the  raonth  of  the  scala  t_\Ttipttm  is 
against  the  fenestra  rotunda,  and  is  closed  by  the  membrane  of  that  ajier- 
lurc>  As  their  names  tiierefore  indicate,  the  scala  vestibuli  opens  into 
the  vestibule,  and  the  scala  tympani  into  the  tympanum. 

Passing  directly  through  the  body  of  the  cochlea,  and  being,  a3  it 

were,  the  core  upon  which  that  structure  is  built,  is  a  bony 

InlniduvtiOTi  , 

i.f  tliu  tuditwy  cone,  called  the  modiolus.  Indeed,  the  bony  part  of  the 
"*""  tmnsverse  plate  which  separates  the  tube  of  the  cochlea  into 
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Its  two  scake,  might  be  regarded  as  &  spiral  process  of  the  niodiolag. 
Througli  the  modiolus  and  ita  spiral  process,  or  lamina  Bpiralig,  the  au- 
ditory nerve  gains  access,  through  suttnLlo  channels,  to  the  interior  of 
the  ecaiio. 

J^iff.  186,  interior  of  the  cochlea,  rendered 
visible  by  the  removal  of  half  of  the  outer  wall: 
a,  «,  lamina  spiralis,  turning  by  its  inner  edge, 
/jj  around  the  axis  of  the  cochlea ;  t",  infundi!> 
uium  ;  d,  aperture  of  coramtinication  between 
two  scalic ;  t",  *!,  section  of  the  outer  wall ; 
f-,fjf\  inferior  or  tympanic  scala  ;  g,  g,  g^  su- 
perior or  vestibular  acala. 

Fig.  187,  section,  of  the  coclilea  in  the  direc- 
tion of  its  axis :  a,  canals  of  the  axis,  or  of 
the  columella,  for  the  passage  of  the  vaacular 
and  nervous  ram  iti  cat  ions  ;  A,  infundibulum  ; 
/',  base  of  the  modiolu3,  or  columella ;  d-,  d^  d, 
section  of  spiral  lamina  ;  is,  e,  e,  section  of  the 
outer  wall;  f-,f,ft  inferior  scala;  (7,  g,  superior 
scala. 

It  is  necessary  to  understand  the  structure  of  the  lamina  spiralis  more 
particularly.  Aa  we  have  said,  it  divider  t!ie  helical  tube  into  ThcBpin.1 
the  two  scalffi  by  extending  tranaversely  across  it.  Its  bony  por-  Ishudu. 
tion  does  not,  however,  extend  more  than  about  one  third  of  the  distance, 
the  rest  of  it  being  made  up  in  part  of  a  delicate  membranous  portion, 
and  completed  by  a  muscular  structure;  so  that,  if  we  consider  the  lam- 
ina spiralis  at  any  point,  the  region  of  it  near  the  modiolus  is  bone,  the 
intermediate  portion  membranous,  and  the  residual  la  muscular.  Or, 
considering  the  lamina  spiralis  in  the  aggregate,  we  might  say  that  it 
consists  of  a  helix  of  bone,  membrane,  and  muscle.  To  the  nmscle  the 
name  of  the  cochlcaria  is  given.  It3  obvious  function  is  to  tighten  the 
menibranoua  region.  ^Moreover,  Considered  thus  in  the  aggregate^  the 
lamma  spiralis  is  a  triangular  plate  wound  round  upon  a  central  conical 
core,  and  which,  therefore,  ia  broadest  at  the  base  of  the  cocldea,  and 
gradually  tapera  ofl"  toward  the  apex.  It  ia  to  be  understood  that  the 
cochlea,  like  all  other  portions  of  tlie  labyrinth,  is  £Ued  with  water. 

Upon  the  spiral  lamina,  issuing  forth  through  its  bony  portion,  are 
placed  the  ultimate  filaments  of  the  auditory  nerve.  These,  having  cast 
ofl'  their  white  substance,  come  into  relation  with  elongated  vesicles, 
and  are  thus  distributed  upon  the  membranous  portion,  the  membrane 
being  kept  uniformly  tense  by  the  action  of  the  cochlearis  muscle. 

Fig.  188,  p.  370,  section  nf  the  cochlea  through  its  axis,  magnified  tour 
diameters,  and  showing  the  cochlear  branch  of  the  auditory  nerve,  ac- 
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cornpfinied  by  Bome  vascular  raEiifica- 
tions  across  the  conduits  of  the  colu- 
mella to  the  spiral  lamina. 

/7y.  18y,8cction  oflhe cochlea, mag- 
jiitied  sL\  diameters,  to  sliow  the  dis- 
tribntion  of  the  cochlear  branch  of  the 
aaJitOT)'  nerve  from  its  perforation  of 
the  folumellu  to  its  tE^'mination  on  the 
.spiral  kitiiina. 

J^'ifjf!.  liii),  191,  showing  the  middle 
and  internal  ear  by  a  section  of  the 
superior  face  of  the  petrous  bone^  and 
prineipftllj'  the  entii'e  distributiou  of 
the  auditory  nerve :  a,  a,  hamtner, 
holdings  A,  5,  bf  its  internal  muscle;  e. 


F'3.  \w. 


trfii[rn,l  ili-lnl'iilJifn  nf  iliillUirj  verV'fr, 


c,  f,  its  anterior  muscle  ;  and,  d,  its 
exlernal  muscle;  e,  e,  an^-il;  f,  len- 
ticular "bone  ;  ^,  stirnip  ;  /(,  muscle 
thereof;  U  ciiorda  lyinpani ;  J,  fa- 
cial nerve,  leceiving,  A*,  great  su- 

Ffg.  ini. 
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perficial  petrosal ;  ly  cochlea  ;  m,  auditoTy  nerve:  n,  its  cochlear  branch ; 
aiidi  £t,  its  vestibular  branch,  furnishing,/),  branch  of  posterior  verticaJ 
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Canal;  j,  brancli  of  aaccidus ;  r»  branch  of  utricle;  *,  branch  of  horizon- 
tal canal ;   t,  i,  branch  of  superior  vertical  canal. 

AVe  proceed  now  to  the  consideration  of  tlie  functions  of  the  coclilea. 

The  principles  of  acoustics  would  lead  us  to  infer  that  sounds  enlertng 
the  cochlea  throw  into  vibration  ita  spiral  lamina,  an  inference  FunctionB  of 
which  is  anpporteJ  by  anatomical  conaiderationa  in  regard  to  iho  cocUea. 
the  position  and  function  of  the  cocMcaris  muscle  in  keeping  the  mem- 
branons  portion  of  the  lamina  at  a  due  degree  of  tension*  We  should 
also  infer  that  each  cxlcrnal  sound  does  not  throw  the  lamina  into  vi- 
bration throughout  itri  whole  length,  but  only  on  a  special  and  corre- 
sponding fioint,  and  thereby  aflecis  solely  the  filament  of  the  auditory 
nerve  in  connection  with  that  point ;  that  sounds  which  are  tow  will  act 
upon  the  broader  portions  of  the  membrane,  near  the  mouth  of  the  coch- 
lea, and  those  which  ai'C  liigh,  the  narrower  portions  near  the  apex.  In 
this  respect,  therefore,  the  function  of  hearing  should  have  two  limits, 
one  for  low  and  the  other  for  high  notes,  as  experience  proves  to  us  is 
actually  the  case  ;  but  possibly  the  scale  is,  so  to  sjieak,  enlarged  throHgh 
the  various  degrees  of  tenseness  which  may  be  given  by  the  contractions 
of  the  eochlearis  muscle.  A  general  idea  of  the  nature  of  this  limited 
vibration  may  be  obtained  by  recalling  the  effect  which  is  physical  illoii- 
iiroduecd  when  one  musical  instrument  is  plaj'ed.  in  the  vi-  '™f""'f  oftli- 
cinity  of  another,  as  wheriT  for  example,  a  flute  is  played  coclilea. 
near  to  a  piano-forte,  the  strings  of  the  latter  are  thrown  into  sympatbctie 
vibration,  and  the  piano  eniila  a  note  answering  to  each  note  of  tlie  flute. 
A}\  the  strings  are  not  thrown  into  vibration  at  once,  but  for  each  note 
of  the  flute  that  airing  of  the  piano  vibrates,  the  length  and  tension  of 
which  are  duly  adjusted.  The  same  thing,  again,  may  be  seen  when 
musical  sounds  are  originated  near  a  stretched  membrane,  the  suriiice  of 
which  has  been  Justed  over  witli  grains  of  dry  sand.  The  whole  sheet 
of  the  membrane  is  not  cast  into  vibration  at  once,  but  some  parts  move 
and  some  remain  at  rest,  and  so  the  sand-grains  dance  up  and  down  on 
the  vibrating  pai-ts^  and  soon,  being  cast  therefrom,  accumulate  on  the 
parts  that  are  still,  and  mark  out  what  arc  termed  nodal  line^.  These 
nodal  lines,  or  places  wiiicli  are  motionless,  are  frequently  of  remarkable 
complexity  and  syrnmetry,  aa  may  be  seen  from  the  hguit-s  of  them  given 
in  any  of  the  books  on  natural  philosophy. 

It  is  immaterial  in  what  manner  the  sound  has  reached  the  coclJea^ 
whether  through  the  auditory  canal  or  through  the  bones  of  c^^^,^  ^f 
the  skull  generally;  the  effect,  as  far  as  the  spiral  lamina  is  fi^>undBto thv 
concerned,  will  be  the  same  in  both  cages.  That  sounds  can  "^  ^'' 
efficiently  reach  the  auditory  nerve,  and  produce  thereupon  their  proper 
effect,  without  ever  having  passed  through  tSie  auditory  canal  or  the  drum, 
U  manifested  by  a  great  many  familiar  tacts.     We  still  continue  to  hear 
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distinctly,  thougli  not  so  plainly,  when  the  estemal  canal  is  closed  by 
some  obstruction— nay,  even,  wLfin  the  sound-giving  object,  as  a  watch, 
is  put  into  tlie  mouth.  So  it  would  appear  that.tlie  function  of  the  coch- 
lea is*  in  a  certain  sense,  independent  oi'  the  drum,  though  we  liave  to 
admit  that,  for  the  precision  and  perfection  of  hearing,  the  latter  ia  nec- 
essary. 

In  the  view  here  presented,  I  consider  that  each  external  mnaical  note 
The  cochlea  CAUses  0.  specjal  portion  of  tlie  spiral  lamina  to  vibrate,  ami 
dm^of'viiira.  *^^*  ''^®  particular  ner^'e  fibril  supplying  that  portion  is  at- 
tion  of  aoundft.  fected  thereby,  and  thus  a  diatinct  sensation  ia  comrrmni- 
cated  to  the  brain,  the  nerve  fibrils  to  the  riglit  and  left  of  the  one  af- 
fected lying  at  rest.  It  may  probably  be  that  the  denticulate  structure 
described  by  Drs.  Todd  and  Bowman  has  for  its  duty  the  more  perfect 
production  of  this  isolated  effect,  or  that  tlie  teetli  thereof  act  like  the 
dampers  of  a  musical  instrument,  and  restrain  the  vibration.  Notes  the 
wave  lengtli  of  which  is  great,  or,  what  is  the  same  tliinf^,  the  times  of 
the  vibrations  of  which  ate  long,  aflcct  iJiosc  portions  of  the  sjiir-il  lamina 
which  are  broad  and  near  to  the  base  of  the  cochlea,  but  notes  whose  wave 
lengths  are  Bhort,  and  times  of  vibration  correspondingly  brief,  aifect 
those  portions  near  to  the  apex.  But  probably  the  scale  is  changed,  as 
before  said,  by  the  tension  of  the  coclilearis  muscle,  and  thus  the  same 
part  of  the  lamina  can  take  charge  of  a  range  of  many  octaves. 

It  may  be  inquired  how  it  is  that  a  sound  passing  through  the  audi- 
^,       ,  torv  canal,  tlie  bones  of  the  tympanum,  the  niembrane  of  the 

The  BCal*  >re  -^  '  rr    '  '  i 

an  inierferonce  fenestra  ovalis,  and  thus  afiectiag  its  destined  portion  ot  the 
nicchatustH.  lamina*  does  not  give  rise  to  an  idea  in  the  mind  of  repeti- 
tion or  reverlicration  by  moving  back  and  forth  through  the  two  scake, 
and  afTecting  its  proper  nerve  fibril  at  each  passage.  Is  there  not  a  ne- 
cessity for  the  existence  of  some  meclianism  of  interference  wliicli.  shall 
destroy  the  wave  after  it  has  once  done  its  work  i  Admitting  the  force 
of  such  inquiries,  we  can  not  avoid  being  impressed  with  the  fact  that 
the  two  scaliE  into  whicii  the  cochlear  tube  is  divided  present  all  the  as- 
pects of  a  meclianism  constructed  for  the  discliarge  of  such  a  duty.  For 
interference  to  take  place  among  undulations  of  any  kind,  waves  upoa 
water,  sounds  in  the  aJr,  or  the  etltereal  undulations  which  conatitnle  light, 
the  eaaential  condition  is  that  they  shall  run  through  patlis  of  unequal 
length,  the  inequality  being  one  of  a  series  of  numbers.  They  must  also 
be  brought,  for  a  full  practical  effect,  to  their  common  point  of  encounter 
under  a  very  actite  angle*  and  these  conditions  are  represented  in  the 
ecala  vestibuli  and  the  scala  tympani,  which,  are  of  unequal  length,  placed 
at  auch  an  acute  angle  to  one  another  that  tliey  might  ahnost  be  said  to 
be  parallel,  occupied  by  a  fluid  of  the  same  density,  and  tlu-ough  both  at 
the  same  moment  are  passing  the  undulations  wHch  constitute  tlie  same 
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aouiid,  one  having  been  conimuntcated  by  the  fenestra  ovalia,  the  other 
through  the  feneatra  rotunda,  tlieir  coinmon  point  of  convergence,  and 
perliaps  of  mutual  destmction,  boing  at  the  heHcotrema,  the  aperture  at 
the  apex  through  which  they  intercommunicate.  Nor  can  we  fail  to  be 
struck  by  the  circumstance,  if  this  explanation  of  the  function  of  the 
scala*  be  correct,  in  what  an  admirable  maimer  the  wliole  in-   . ,,    .      .  . 

'  _  ...  .  Aftjuslm'fliit  of 

strtiment  is  provided  with  sell-adjusting  power,  since,  when  (be  i&ngtii  of 
the  etimip  forces  in  the  membrane  of  the  fenestra  ovalis,  the 
pressure  which  is  communicated  through  the  water  pushes  out  the  mem- 
brane of  the  fenestra  rotunda,  and  thereby  the  relative  length  of  the  two 
scala'  haa  changed,  the  one  having  become  longer  by  as  much  aa  the 
other  has  become  shorter,  an  adjustment  necessary  to  bring  about  total 
interterencc  at  the  helicotrcraa.  And  we  might  add  that  such  a  con- 
struction 3S  all  the  more  interesting^  for,  since  it  is  the  intensity  of  the 
waves  tliat  is  to  be  destroved,  reliance  is  had  upon  the  intensity  instru- 
ment, the  drum,  1o  produce  that  effect,  and  it  is  done  by  the  contractions 
of  the  tensor  tjjTiipani  and  stajjediua  muscles.  Perhaps  the  perfect  ac- 
complishment of  tJiis  interference  is  the  atandartl,  to  whicli  aliugion  has 
been  made  before,  by  which  the  mind  judges  oi'tlic  power  which  has  been 
put  forth  by  those  muscles,  and  thereby  of  the  intensity  of  the  sound. 

From  the  comparative  anatomy  of  the  cochlea  ;iiid  the  character  of  the 
vocal  organs,  M.  Dugea  formerly  came  to  the  conclusion  that  „ 
the  cochlea  has  for  its  function  the  determining  of  the  pitch  aMaiuiiivofthp 
of  soimds.  In  man,  whose  vocal  powers  are  most  varied,  it  *^  ^'^ 
exists  in  the  highest  perfection ;  in  birds,  whose  vocal  powers  are  more 
restricted,  it  is  reduced  to  a  short  and  slightly  curved  tube,  but  still  di- 
vided by  a  longitudinal  septum  ;  in  reptiles,  it  exists  only  in  a  rudiment- 
ary stale. 

The  necesMiy  existence  in  the  ear  of  some  mechanism  for  the  puqwsc 
of  preventing  reverberation  or  repercussion  has  long  been  recognized 
both  by  writers  On  acoustics  and  by  physiologists.  Thus  an  explana^ 
iion  of  the  functions  of  the  semicircular  canals  and  of  tlie  cocldea  upon 
this  principle  is  given  by  Dr.  Roget,  in  his  IJridgewatcr  Treatise ;  and, 
in  like  manner,  Professor  Jackson,  of  Philadelphia,  has  for  several  years 
tutight  a  similar  doctrine  in  his  lectures.  Since  IS-iO,  I  have  in  my  pub- 
lic lectures  presented  the  explanation  given  in  the  preceding  paragrtipha. 
It  differa  easentialiy  from  that  of  my  friend,  Professor  Jackson  (of  which 
a  brief  statement  may  be  found  in  Dr.  Smith'!*  edition  of  Carpenter's 
Physiology,  Philadelpliia,  l.Sorj),  in  this,  that  it  limits  the  accomplish- 
ment of  interlerence  to  the  cochlea.  The  view  which  I  entertain  respect- 
ing the  fiinction  of  the  semicircular  canals  will  bo  immediately  set  forth  : 
it  doea  not  appear  to  nie  that  they  are  in  any  way  connected  with  the  in- 
terference mechaiusm. 
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3d.  On  tlie  detennination  of  the  quality  of  soundB,  the  structure  of  the 
:4emicircular  canals,  and  their  function. 

The  semicircular  canals  are  cylintlroicl  tuheSp  developed,  as  it  were, 
SI  lurcoftbc  fr^™  ^^^  vestibule,  and  of  a  figure  which  has  suggested  their 
«mic3rcul4r  naiuc.  Thpj  are  three  in  number,  and  placed  at  right  ang]es 
to  one  another :  two  of  them  arc  vertical,  the  tbird  horizon- 
tal; they  all  open  into  the  vestibule,  the  adjacent  branches  of  two  of 
theni  coalescing  first.  On  one  of  the  branchea  of  each  of  tJicin  tliete  is 
:i  dilatation  just  before  it  joins  the  vestibule;  to  thb  dilatation  the  des- 
ignation of  ampulla  is  given.  The  vestibule  oftlie  labyrinth  may  there^ 
fore  be  regarded  as  the  common  mouth  of  the  semicircular  canals,  and  of 
the  scala  vestibuli  of  the  cochlea :  or,  considering  its  order  of  develop- 
ment, the  vestibule  may  be  regarded  as  the  essential  portion  of  the  lab- 
yrinth, and  the  semicircular  canals  and  cochleai  appendices  that  have 
briinched  forth  from  it. 

The  vestibule  and  Hcmiciicnlar  canals  are  lined  with  a  membrane 
which,  of  course,  copies  their  shape,  yet  it  ia  not  in  contact  with  then- 
bony  walls,  but  is  parted  therefrom  by  a  etratum  of  water,  to  winch,  as 
hag  been  said,  the  name  of  perilymph  is  given :  their  interior  is  also 
filled  witli  a  liquid — the  cndolymph,  it  is  called.  The  bony  structure  is 
called  the  bony  labyrinth ;  this  structure  is  the  membranous  labyrinth. 
A  portion  of  the  auditory  nerve  divides  into  three  main  brandies,  which 
present  themselves  for  the  supply  of  the  ampullar:  the  brush-like  term- 
nations  of  these  are  accommodated  with  an  ototith. 


Fiq.  105. 
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ILLUSTKATtONS   OP   LAEYHINTH   OF   LEFT   SIDE. 
£;S^TEBNAL,  ntt  TTMfAina   FACE   OF   UHTSINIH. 

I^/tji.  192:  a,  external  wall  of  vestibule,  on  which 
is  seen,  iS,  fenestra  ovali."?  ;  c,  fenestm  rotunda, 
and,  c/,  tract  of  the  facial  nerve ;  f ,  superior  semi- 
circular canal ;  /",  posterior  semicircular  canal ;  ^, 
horizontal  semicircular  canal ;  i,  ?",  /,  wall  of  coch- 
lea ;  j,  aqueduct  of  cochlea ;  A',  portion  of  petrous 
bone. 


IXIEBNAL,  on  CI[A>UI.  FACB  OF   LABrRUmi. 

wp.  m.  J^ifj.  193:  (7,  iniemal  wall  of  vestibule;  h^  aque- 

duct of  vcatibulc  ;  e,  base  of  cochlea  ;  d^  aqueduct 
of  cochlea ;  <?,  y,  conduit,  at  the  bottom  of  which 
are  several  holes  for  the  passage  of  facial  and  au- 
ditory nerves;  (?,  superior  semicircular  canal;  A, 
posterior  semicircular  canal ;  ^,  horizontal  semicir- 
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culiir  ennal. 
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ISTERIHR   OF   LABTSIffTH,   BEEN   OM   1TB   KXTKRMAt.   OK  TniPXlUlC   PArE. 

«7,  mn    ^  Jl/j,  194;  «,  vestibule,  into  which  open  the  semi- 

circular canala  hy  five  orifices,  and  the  vestibular 
3cala  of  the  cochlea;  i^,  i>,  section  of  the  wall  of  the 
cochlea ;  c,  c,  bony  portion  of  spiral  lamina,  dividing; 
i^^BS^^^^     the  conoid  cavity  of  the  cochlea  into  acala  veatibuli 
jBicrtor«.tifti>yriiiiu.       and  stala  tynipani ;  (/,  orifice  at  summit  of  cochlea, 

INTE&IDB    OF    LABTBIKTUt  aEEN    OV    ITi    IXTER>'AL  OB    CKA-VIAX.  FACE. 

Fi-i.  u&  J*^fff-  195  :   d,  ^eatiliular  cavity,  into  which  open  the 

cavities  of  the  semicircular  canala  and  the  cocMear  cav- 
ity ;  S,  bottom  of  inlenial  auditory  canal,  answering  to 
baj?c  of  cochlea,  and  partly  to  internal  wall  of  vestibule ; 
Cy  Bimple  foramen  for  facial  nerve ;  e/,  many  openings 
lafriiur  uf  iibj-riDtb.     foj.  ^ndltory  nerve. 

The  explanatiol^  usually  given  of  the  function  of  the  eemicircular  ca- 
nals is,  that  they  serve  to  determine  the  direction  of  sounds,   „  .,.  . 

'  -^  l-niictsm  on 

an  idea  which  has  arisen  froni  their  remarkable  rectangular  thuespiona- 
[josition.     However,  this  ia  accomphahcd  in  almost  all  cases  I'^^^-noTiiiB 
hy  directing  the  external  canal  toward  the  point  from  which  ftitu-iiou  ^r  tin- 
the  pound  is  coming,  and  judging  of  its  place  hy  the  varia- 
tions ofita  intensity-     ^Vnimals  commonly  direct  the  external  ear  towai-d 
the  sounding  point,  gmided  doubtless  in  the  same  way.      Some  phyaiolo- 
giats  have  restricted  the  u^e  of  tite  ecmicirculai  canala  to  the  collection 
nf  those  sounds  which  strike  upon  the  skull,  but,  besides  the  precedin|r 
Lonsideraliona,  there  arc  others  derived  from  comparative  anatomy  which 
seem  to  indicate  that  this  can  scarcely  be  their  duty. 

The  intensity  of  sounds  is  judged  of  by  the  tympanum ;  their  pitch 
or  wave  length  i&  determined  by  the  cochlea,  and  therefore  They  arc  for 
there  arises  a  strong  preaumption  that  the  aemicircular  ca-  '^^^^""'"'"B  '■'"■ 
nals  must  have  the  function  of  dislingui&hing  the  third  char-  s^aq^. 
actcriatic  of  sound.^,  that  is,  their  qualify  ;  Kince,  if  this  be  not  the  caae, 
there  seems  to  bo  no  other  portion  of  the  auditory  mechanism  to  which 
that  office  could  be  assigned. 

The  suspicion  whieli  wc  are  thus  led  to  entertain,  that  the  eemicircu- 
lar  canals  are  for  appreciating  tlie  quality  of  sounds,  is  strengtliened  iu 
no  common  degree  by  facta  of  comparative  physiology.  Unfortunately, 
we  know  so  little  of  the  mechanical  peculiarity  on  winch  distinctions  of 
quality  depend,  that  we  arc  wholly  unable  to  trace  out  the  atruetural  con- 
ditions of  an  organ  which  should  be  calculated  for  seizing  on  them.  Wc 
know  that  the  quality  of  a  note  emitted  by  a  violin,  is  different  &om  that 
emitted  by  a  fiute,  though  the  intensity  and  pitch  may  be  the  same,  bnt 
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we  con  not  tell  why.  In  tlie  case  before  us,  we  therefore  can  expect  no 
iiaBistance  in  the  way  of  argunienta  from  mecliauical  philosophy,  and  are 
limited  to  the  use  of  those  which  may  be  drawn  from  comparative  anat- 
omy and  physiology. 

Examining,  tlierefore^  what  appears  to  be  the  primitive  plan  of  the  con- 
ninstraiion  of  s'ruction  of  this  meclianiam,  we  find  it  to  consiBt  of  &  ners-i* 
thia  explaaa-     jiJjnl  in  connection  with  an  otolith,  or  little  Btony  body- 

ticin  from  cutn-    ,._      ,  -  -       i      i     i    ■  i  j-  , 

jmraiiife  auut-  buch  a  construction,  mciuded  m  a  bag  of  water,  constitutes, 
"roy-  in  point  of  fact,  the  organ  of  hearing  of  some  of  the  lower 

tribes,  aa  the  gasteropodous  molluscs.  These  animals  can  have  no  per- 
ception of  the  pitch  of  sounds  or  musical  notes,  and  only  ail  imperfect  one 
of  intensities.  But  what  they  do  diatinguiah  is  one  noise  from  another. 
Now  the  idea  conveyed  to  the  mind  by  difference  of  noises  ia  precisely 
the  distinction  that  we  are  dwelling  on,  that  of  quality. 

If,  instead  of  restricting  our  examination  to  the  semicircular  canals,  we 
Gcncml  view  ^^^^^"^^  '^  *"  the  whole  organ  of  (learing,  and  consider  to- 
.if  thu  nuJitory  gclhcr,  in  tile  case  of  each  animal  tribe,  its  requirements,  and 
the  manner  in  wliieh  those  requirements  are  satisfied,  we 
shall  meet  with  a  surprising  confirmation  of  the  preceding  views.  The 
lowest  requirement  we  can  conceive  of  is  the  appreciating  of  noises ;  an 
advance  upon  tlds  is  the  determination  of  their  direction;  a  higher  ad- 
vance, the  determination  of  their  intensity;  and  a  still  higher,  the  rec- 
ognition of  those  combinations  of  impulses  whicli  constitute  a  musical 
50und>  For  eaciv  of  these  successive  requirenienta  the  auditory  mech- 
anism must  necessarily  become  more  complex ;  and  thus  it  first  ap- 
pears, a3  we  have  just  stated,  as  a  sac  of  water,  containing  a  stony  grain 
or  otolith  imbedded  in  the  (Esophageal  coSlar.  A  noise  agitates  the  oto- 
Cflmpamiiv*  ^'*^'  ^^^  ^J'  ^'^  movcmcnt  the  perception  of  a  sound  ensues. 
fluauinij'oftha  In  ccphalopodous  niulluBca  the  auditory  sac  is  detached,  and 
""'  the  intercommunicating  thread  represents  the  rudiment  of 

what,  in  the  higher  ^ade  of  development,  will  be  the  auditory  nerve. 
With  another  advance  the  sac  is  lodged  in  a  cartilaginous  cavity.  Thus. 
in  the  cuttle-tish,  a  simple  cartilaginous  vestibule  exists,  having  within 
It  a  mcinbmnoufl  bag  or  auditory  capsule,  lUled  with  t!uid,  and  upon  the 
rapsnle  the  filaments  of  the  auditory  nerve  are  spread.  An  otolith  or 
ear-stone  is  placed  within^  and  this  constitutes  the  entire  apparatus,  while 
yet  there  ia  no  vibrating  membrane  and  no  feneslral  aperture. 

Even  in  still  higher  conditions  the  purely  mechanical  character  of  the 
structure  is  manifest,  and  so,  in  some  of  tliose  in  which  the  eac  opens  ex- 
teriorly, grains  of  sand,  that  have  been  introduced  by  chance  from  without, 
rest  on  the  hair  like  filaments  which  the  auditory  sac  contains,  each  fila- 
ment apparently  including  a  nerve  fibril.  In  a  still  higher  condition  of 
advance,  as,  for  example,  in  the  lobster,  a  portion  of  the  shelly  wall  which 
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fbrmB  the  boundary  of  tlie  auditory  cavity  is  unconsolidated,  and  a  mem- 
brane which  stretchea  over  the  otberwiae  vacant  sjiace  presents  the  Hrst 
mdiment  of  the  feneatra  oralis.  With  the  exception  of  the  amphioxus, 
all  vertebrated  animala  have  a  special  organ  of  hearing,  which,  in  suo 
cesBive  tribes,  presents  an  interesting  increase  of  complexity^  beginning  in 
the  cyclo3tome3  with  a  aac  in  the  cranial  cartilages  filled  with  water, 
nen-e  fibrils  distributed  on  its  walls,  and  an  otolith  included,  but  no  ex- 
ternal comniunicatiijg  aperture.  From  thia,  in  succession,  the  various 
portions  which  are  to  be  developed  in  perfection  in  the  higher  races  grad- 
natiy  appear:  the  myxine  has  one  semicircular  canal  arising  from  the 
vestibule,  the  lamprey  has  two,  the  higher  forms  have  three.  As  the  case 
may  be,  a  jmrtinn  of  the  cartilage  or  bony  parietea  ia  deficient,  and,  again, 
the  fenestra  ovalis  is  the  result.  Though  in  the  osseous  ftahe3  there  is 
neither  tympanum  or  cocMea.,  in  some  few  the  rudiments  of  the  former 
begin  to  exist.  The  naked  amphibia  have  no  cochlea,  and  ouly  one  fe- 
nestra, answering  to  the  ovalia :  to  this  is  fitted  a  stapes  ;  but  in  lizarde 
and  sca.ly  serpents  there  is  a  general  advance,  these  having  a  conical 
cochlea.  As  we  pass  through  tlicm  the  plan  is  cari'icd  out ;  the  tympan- 
ic cavity  and  its  chain  of  bones,  the  Eustachian  tube,  and  cocJilca  ap- 
pear; and  with  the  rudiment  of  the  cochlea  tliere  is  presented  in  the  tym- 
l>ftnic  cavity  a  second  aperture,  answering  to  the  fenestra  rotunda.  In 
birds  the  stnieture  offers  a  continued  improvement,  commencing  on  a 
plan  analogous  to  that  of  the  scaly  amphibia,  but  exhibiting  a  speedy 
development.  The  mcntbrana  fympaui  is  composed  of  several  layers ; 
the  cavity  of  the  drum  communicates  witii  cells  in  the  cranial  bonee,  the 
analogues  of  the  mastoid  cells  ;  a  bony  Eustachian  tube  crosses  to  meet 
ita  fellow  of  the  opposite  side,  and  open  in  a  coramo]i  aperture.  The  oa- 
sicLes  consist  of  a  malleus,  a  stafF-sJiBped  intermediate  bone,  and  a  flat 
stapes,  resting  on  the  fenestra  ovalis.  As  if  to  show  a  tendency  to  the 
tbrm  it  is  eventually  to  assume,  thia  bone  sometimes  presents  a.  forked 
appearance,  the  preparation  of  a  stirrHp  shape.  As  regards  this  bone, 
birds  and  mammals  may  be  said  to  overlap,  for  in  its  more  developed 
condition  in  birds  it  bifurcates.,  but  in  the  lower  mammals,  as  the  kanga- 
roo, it  ia  still  cylindric.  In  birds  of  prey  the  semicircular  canals  are 
large,  the  cochlea  fairly  developed,  though  an  a  straight  or  slightly-curved 
iiibe,  containing  its  scahe  and  vibrating  lamina:  the  vestibule  has  car- 
stones.  Throngli  the  monotremata  this  condition  of  construction  is  con- 
linued  into  the  perfect  raammals :  all  the  aerial  tribes  have  external  ears, 
and  fidl  development  is  reached  in  the  auditory  mechanism  of  man. 

Now  if  we  collate  the  facts  here  presented  with  the  requirement  of  the 
condition  of  life  which  each  of  tliese  aucceaaive  races  aeems  to  demand,  we 
shall  find  that  the  remark  heretofore  made,  that  the  seniieireular  canal? 
fire  for  the  recognition  of  the  qualities  of  sound,  is  strikingly  borne  out. 
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lliough,  from  our  ignorance  of  wlmt  it  ie  in  wiucli  quality  consists,  we  are 
wholly  unable  to  offer  an  explanation  of  tint;  precise  mode  of  octioD  of 
tliat  part  of  tlie  auditory  mechanism. 

We  are  so  prone  to  extend  our  ideas  of  our  own  perc^ptioiiB  to  the 
I'Brt'  1  ilRftf-  ^^^*^  ^^  other  animalri  that  it  may  not  licre  be  unprofitable  to 
iic&ft  ofiofi-rior  oft'er  a  i-emark  whicli  may  ser\'e  to  correct  such  views.  To 
unimH  s.  many  of  the  aounds  with  which  we  are  familiar,  birds  and  oth- 

er lower  tribes  are  totally  deaf  i  they  can  not  Appreciate,  except  within  a 
DiUTOW  range,  the  notes  of  music,  and,  indeed,  to  all  those  in  wiiich  there 
is  no  cochkii  such  notes  are  inaudible.  In  the  lower  grades  nothing  mori' 
than  a  noise  can  he  detected,  and  that  doubtless  in  a  very  indefinite  way. 
We  can  therefore  understand  how,  through  imperfection  of  construction, 
they  arc  cut  off  from  the  perception  of  an  iniiuite  number  of  occurrences 
which  are  obvious  enougli  to  ua.  Even  among  our  domestic  animals,  to 
itrliLch  we  so  often  speak  or  sing  in  the  way  we  do  to  one  another,  the  in-- 
tellcctual  obtusencaa  which  wc  think  we  recognize  doubtless  originates 
in  an  incapacity  to  receive  those  expressions,  because  of  faulty  structural 
condition, 

Li  closing  these  remarks  on  the  sense  of  hearing,  it  js  necessary  to 
direct  attention  to  the  order  of  development  of  the  org-au  in 
upniv'nt  otiho  thc  muti'idnal  or  the  Imman  species,  aa  wc  have  done  m  the 
'■■''■  case  of  the  successive  tribes  of  aiuinols  ;  aiid  here  it  may  be 

affirmed  thut  the  car  of  man  passes  in  a  tranaient  eucccssian  througli  all 
these  permanent  annual  fonna-  It  originates  at  first  from  a  budding 
forth  of  tlic  ve.sitle  of  tlie  medulla  oblongata,  the  issuing  cell  becoming 
by  degrees  pear-shaped,  and  connected  with  the  parent  cavity  by  a  thread 
or  stalk.  T]ie  pear-shaped  cavity  is  tlic  rudijncnt  of  what  is  evcntu:dly 
10  be  the  vestibule ;  the  pedicle  ivill  become  the  auditory  nerve.  Even 
at  this  early  period  the  cavity  contains  an  otolith,  IJy  degrees  there 
arises  from  the  folding  in  of  the  walls  of  the  vestibule  the  curved  forms 
that  are  to  become  the  semicircular  canals,  and^  at  a  period  a  little  later, 
in  an  analogous  way^  the  cochlea-  At  one  stage  of  this  development  the 
membranous  labjTinth  presents  an  almost  identicid  aspect  witli  tliat  of 
the  retina  at  the  time,  both  being  composed  of  a  fibrou,*?  network  inter- 
spersed with  granules  and  nucleated  cells,  the  shadowing  forfJi  of  thi' 
parallelism  of  construction,  which  may  be  traced  in  the  two  org:tns  when 
they  have  reached  their  utmost  development,  the  one  for  the  cognizance 
of  normal  and  the  other  for  transverse  vibrations* 

And  so  it  appears  that,  as  respects  the  organ  of  hearing,  its  order  of 
lUuatniioo  of  development  in  the  individual  is  identically  the  same  as  its 
the  imperii,,    order  of  development  in  successive  tribes  taken  in  the  ag- 

liODDftfacdoC-  Tin  1  1     ■ 

trine  of  mciiiB  gTEgate.  in  the  latter  case,  we  eonstanlly  regard  its  con- 
MdfD(b.  dition  of  eonslruetion  as  arising  from  a  purposed  adyplalion 
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lo  the  wants  of  the  animal*  We  consider  it  as  affording  a  series  of  il- 
Iiiatrativc  iDstancca  of  the  use  of  means  for  the  production  of  definite 
ends,  and  theretorc  as  exhibiting  tlic  evidences  of  design ;  but  what  are 
ive  to  make  ot"  the  other,  the  parallel,  the  individual  case,  in  which,  in 
Bttcceesion,  the  organ  presents  each  one  of  these  particular  forms,  and  in 
Tfaicli  not  one  is  ever  used,  save  only  the  most  complete,  the  last? 
There  would  seem  here  to  be  httle  of  adaptntion,  little  of  means  to  an 
end,  nothing  of  design.  But  does  not  this  prove  to  us  (and  the  other 
oi^ans  of  sense  will  fumiah  a  similar  argument)  that  the  development  of 
the  various  animal  tribe?,  and  of  each  individual  of  those  tribes,  takes 
place  under  the  operation  of  a  far-reaching  and  common  law,  and  that  the 
liarticular  condition  which  any  speciea  presents,  or  even  any  individual 
:it  Bome  special  period  of  his  existence,  ia  a  manifestation  of  the  degree 
-jt  extent  to  which  that  law  has  been  carried  out? 
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OF  VISION. 

Aiialoffif  fwfirerji  Soanil  aiitl  Liyhi. —  C'omparnHrc  Atintomi/  of  Jt'.uin. — Pirr/>ptir»i  of  [f'nnnM- 
— Scmrtare  of  (MfllL — L'/ifi  &/■'  iMift-s., — I'htfiii-al  J'iiui-i/}U  of  tlif  Or<jan  of  Vixkm, 

Datription  of  t fie  llama ri  E^f. — 0}ilirn/  Ai-tian  nfita  i'ltrt/i. — .'ijihrrirul  nrtil  CAmmiitir  Ahtrrti- 
ivm. — Heceinn;/  .Srrren  qf  the  Jiyt  in  the  btufk  Pitptifwl. — //>n//  and  mhort  Si'jhi,  ri«t/  thmt 
O/fTPction.-^LiiaiU  of  Vtsian  are  inrludediit  one  OetsiPe.—lAinil  in  rsiimtilini/  the  Brrij/itnfH' 

Nervous  Merlanisin  <^  thr  E^e.'  tin  Slraeture  mill  f'uiiclions.—Afanner  (if  IWcr/ition  fi^  thr 
Hetin*!. —  The  hlofk  Pupnf7\t  al/aorbs  t/ie  iinyx. — Sii^ff  and  dn^'iih  I'lxhii, — /Jumtiatt  <>f  lui- 
jireasiona.-^Ofnliir  Sjiertni^—Erett  Vtjnwi. — I'ifu  i;f  tfit:  Soiuiili)  nf  iJmJifs. — 1  Itfjiolhesis  of 
the  Action  of  (Ac  Hftinn, 

Aixasorg  Aypanituji  tif  iJie  Eiff. — -Tbt  E^rhrawt, — Ei^fUds. — Lachrymal  Ap^iaratus. — Jfusr^j. 
of  the  Ball. 

The  physical  diftVrencc  between  waves  of  sound  and  waves  of  light 

has  been  already  sliited  to  consist  in  this,  that  the  vibratiora  ji„,k_,  |^ 
which  give  rise  to  the  fonner  coincide  with  the  direction  in  t«e™  sound 
which  the  wave  passes,  hut  those  of  flic  latter  arc  transverse.  ^""^ ''£'''■ 
There  is,  Jiowcver,  notwithstanding  th[s  dtfTcrcncc,  a  general  analogy  be- 
tween the  structure  of  the  ear  and  tiiat  of  the  eye,  and  provision  must 
be  made  in  the  case  of  the  organ  of  sight  for  detcmiining  the  fundamental 
peculiaritiea  which  arc  necessary  to  be  determined  in  the  case  of  the  or- 
gan of  soimd  ;  that  13  to  say,  intensity,  wave  length,  or  time  of  vibra- 
tion, andt  in  addition  thereto,  the  requirements  of  this  particular  prob- 
lem demand  that  means  should  be  included  for  ascertaining  with  esact- 
neas  the  i^hapc  of  objects  and  their  relative  positions. 
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Of  tlie  different  metliods  wliicJi  we  might  follow  in  the  diseiisaioii  of 
Importance  qf  the  mcchanism  of  the  eye,  none,  perhaps,  is  more  satistacto- 
tive  Mafoniv  ^*  °^  Icads  to  clearet  conclusions,  tlian  that  wliich  is  pre- 
ufvifiiurt.  sented  by  comparative  anatomy.  It  ia  just  as  difficult  to 
take  a  complicated  organ,  such  aa  the  eye  of  man,  and  from  the  etudv 
of  it  to  deduce  the  significance  of  its  various  parts*  as  it  would  be  to  take 
a  complicated  humait  contrivance  and  determine  from  it  the  properties  of 
its  mechanical  eleraetits.  It  is  scarcely  from  the  watch  or  other  delicate 
machine  that  we  should  expect  to  make  plain  the  properties  of  the  leTcr 
or  the  wheel,  and  experience  sliows  that  it  is  only  by  the  attentive  study 
of  the  cases  presented  by  comparative  physiology — those  experiments 
made  for  us  by  nature,  as  CLmEE  has  called  them— that  we  can  hope  to 
advance  to  the  perfect  solution  of  tliis  problem. 

Treating  the  subject,  therefore,  in  this  way,  we  observe  that,  in  the  an- 
imal  series,  long  before  any  thing  hke  a  distinct  organ  of  vis- 
cepLjon  of  ion  Can  be  detected,  there  is  yet  a  perception  "of  light  and 
wanuih.  darkncss.  The  hydra,  a  iresh-water  polype,  offers  an  exam- 
ple, for  this  animal  seeks  the  sunny  side  of  the  vessel  in  which  it  ig 
placed,  preferring  it  to  the  shade.  In  tlie  absence  of  every  vestige  of  a 
visual  organ,  there  can  not  be  a  doubt  that  its  raoverocnts  depend  on  the 
perception  of  wannth,  just  as  when  a  man  wlio  is  totaUy  blind  passes 
from  the  sun  into  the  shade,  his  feelings  at  once  notify  him  of  the  change* 
In  a  physiological  sense,  it  ia  of  no  interest  to  us  to  inquire  into  the  phys- 
ical nature  of  this  effect,  whether  liglit  is  identical  with  heat,  or  wliether, 
when  light  falla  upon  a  body,  it  turns  into  heat.  Wc  have  ordy  to  ac- 
"/ept  it  as  .1  fact  capable  of  abundant  esj>erimental  proof,  that,  whenever 
rays  of  light  fall  on  a  surface,  that  surface  becomes  warm.  Tiiis,  as  wv 
shall  now  find,  is  the  hey  of  all  the  explanations  we  have  to  give. 

Dr.  Franklin  made  an  expci'mieiit  to  the  following  effect.  lie  placed 
Ur.Frankiia'a  o'l  "tbe  SHOW,  on  a  siuisliiuy  wintcT  day,  pieces  of  cloth  of  dif- 
eipenmuni.  fcrent  colors — black,  yellow,  white,  etc.,  etc. — in  such  a  posi- 
tion that  the  sun'3  rays  fell  equally  on  them.  After  a  certain  length  of 
lime,  on  examining  them,  he  found  that  the  black  clotii  had  melted  its 
way  deeply  into  the  snow,  the  yellow  to  a  less  depth,  and  the  white 
scarcely  at  all.  He  therefore  drew  the  conclusion  that,  when  they  are 
receiving  light,  surfaces  become  warm  in  proportion  to  the  depth  of  their 
lint,  and  that,  of  all  surfaces,  one  having  a  velvety  blackness  is  most  sen- 
sitive, because  it  can  exert  the  most  powerfiU  absartcnt  agency. 

On  this  principle  seem  to  be  constructed  the  ocelli  of  the  lower  tribes. 
(tolli  of  lower  Thesc  consist  of  a  collection  of  pigment  granules,  usually 
iniiiinals  cwQ-     (jf  ^  red,  black,  or  dark  color,  seated  on  the  expansion  of  a 

-[riictcil  on  1         mi  •       '    1  1  ■    I     ■        1        1  ■        1    ■ 

Krunklm's        nervous  thread.      I  he  pnnciple  which  is  clearly  contanicd  in 
i-rtnmpic.         ^j^  raechanism  ia  that  of  relieving  the  general  surface  from 
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^^^      the  impression  of  light*  or  rather  of  rendering  it  more  intenae  by  central- 
I  izing  it  upon  a  apecial  localitj.     Such  a  conatmction  involves  at  once  a 

I  cliange  in  the  nervous  mechanism,  by  devoting  a  particular  sysleui  of 

I  nerve  tubulea  to  tiie  new  duty.      But,  notwithstanding  tliia  increasing 

P  complexity  of  structure,  the  physical  principle  is  still  aa  aimplc  as  be- 

fore. It  ia  indeed  almost  as  though,  a  blind  man  should  paint  upon  his 
skin  a  black  space,  so  that,  as  in  Franklin's  experiraent,  it  might  be 
more  sensitive  to  the  Bun.  With  thia  devotion  to  a  new  duty  the  nerv- 
ous tabulca  doubtless  assume  an  isolated  function,  and  tliua  there  arise-; 
a  nerve  of  special  sense.  The  ocelU  of  tlie  lower  animals  are  sometimes 
quite  numerou.s^.  From  thiB  a  new  power  is  at  once  derived,  the  power 
of  determining  the  position  Bf  the  source  of  light,  a  property  winch  doubt- 
leea  becomes  more  perfectly  marked  in  proportion  to  the  number  and 
symmetry  of  arrangement  of  the  ocelli.  As  we  ascend  the  animal  series 
in  our  examination,  we  Boon  find  that  complexity  is  being  introduced. 
A  membranous  hood,  arising  from  a  little  ibid  of  the  external  tegument. 
shadows  forth  the  rudiment  of  an  eyehd,  and  seems  to  indicate  to  ua  tliat, 
even  in  these  low  grades,  the  condition  which  we  shall  eventually  find 
ao  strikingly  marked  in  the  high  ones  already  exists,  that  functional  ac- 
tivity involves  destruction,  and  that  the  seni^ory  mechanism  must  have 
ite  period  of  repose. 

Approaching  the  more  highly -developed  conditiona  of  the  organ  of 
vision,  we  may  next  consider  the  cases  presented  by  the  jnfro^iueiinn  of 
eyes  of  insects  and  the  cyca  of  higher  mammalia.     In  these  convergiDgme- 
a  new  physical  principle  has  been  introduced,  the  optical    '^' 
property  of  the  convex  lena,  a  transparent  solid,  having  one  or  both  of 
its  suriaces  curved,  and  obtaining  therefrom  tiie  power  of  forming  repre- 
sentations, or  images  of  objects  which  may  be  in  front  of  it,  at  a  certain 
focd  distance  behind.     Such  images  are  seen  wlien  we  take  a  magnify- 
ing glass  or  a,  convex  lens,  and,  holding  a  piece  of  paper  be-  ,j.^^  ^.^^^^  ^  ^^ 
liind  it  at  a  particular  point,  there  will  be  depicted  upon  the  its  viirlaUnna 
jiaper  the  inverted  forms  of  whatever  objects  may  be  in  front.  °  '  '^^"'^^■ 
That  distance  ia  the  tocal  length  of  the  lens.     But  we  may  further  no- 
tice, and  to  this  observation  out  attention  will  be  required  hereafter,  that 
the  focal  length  is  variable.     If  the  object  be  near,  the  focal  length  is 
greater;  if  distant,  it  is  less. 

The  inatniinent  known  as  the  camera  obscura  represents  the  optical 
eonstniction  of  the  eye.  Upon  a  receiving  surface  or  screen,  Thi:  cyiincrA 
placed  at  the  focal  distance  behind  its  lens,  images  are  depicted  o*'^"^^'"^. 
of  wiiatever  objects  may  chance  to  be  in  front ;  but — and  this  is  a  remark 
of  int(?re3t  to  us  now— the  I'isual  TfingCj  or  field  of  view,  is  quite  limited. 
In  animals,  the  perfection  of  whose  vision  requires  that,  instead  of  being 
regtrigted  in  then:  view  to  a  narrow  space,  they  should  be  ablcj  as  it 
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were,  to  take  in  almost  a  hEtnisphere  at  a  glance,  this  extension  of  thr 
visual  function  can  only  be  accomplialied  in  one  of  two  diiferent  ways* 
Ditfettat  con-  '^°  °®®  *''®  illiistrarion  we  have  been  employing,  it  may  Ix' 
trivanws  for  reached  by  having  innumerable  camera-  pointing  in  inmimei- 
lartrer  tidd  of  *^^^  direcliong,  aiid  conveying  the  resulting  images  to  onr 
view  by  ihe  common  surface,  or  by  having  one,  or  at  most  two,  camera- 
set  upon  a  movable  stand,  which  can  quickly  point  them  i]i 
any  direction,  and  ao  enable  them  to  inspect  succeagive  HelJa  of  view 
with  almost  instantaneous  rapidity.  The  former  plan  is  resorted  to  in 
most  insecta^  the  latter  in  man.  In  insects*  t!ie  immobility  of  the  head 
apon  the  trunk  would  interfere  with  any  rapid  rotation  of  the  visual  or- 
gan; in  man,  the  facility  with  which  rotation  can  take  place  upon  the 
neck  ag  on  an  axis,  and.  the  movement  of  the  eye  in  its  orbit,  accom- 
plifihca  the  object  without  any  kind  of  difficulty. 

In  continuing  an  investigation  of  the  structure  of  the  eye,  it  is  con- 
venient to  consider  it  under  three  heads:  1st.  Its  optii:al  mechanism; 
'2d.  Its  nervous  mechanism ;  3d.  Its  accessory  apparatus* 

l^i.  Of  the  Optical  Jfec/taniem  of  the  Eye. 

The  human  eye  is  of  a  globular  form,  and  about  one  inch  in  diameter. 
ThohutuaQ  It  is  not  pcrtectly  spherical,  its  lateral  diameter  being  shorter 
*y<-  than  its  antero-posterior  by  about  one  twentieth  part.     It  may 

be  described  as  consiating  of  three  coats,  which,  forming  a  shell,  contain 
transparent  media  and  the  optical  apparatus.  It  might  also  be  consid- 
ered as  arising  from  an  expansion  of  the  optic  nerve  into  an  almost 
spherical  cavity,  and  which,  being  fortiBed  by  certain  tiaauea  behind, 
has  a  dioptric  mechanism  in  front. 

The  coats  of  the  eye  are  three  in  number :  the  Bclerotic,  the  choroid, 
and  tiie  retina.  The  acierotic,  which  is  the  exterior,  is  a  white  Hbrous 
membrane,  very  tough,  and  possessing  the  necessary  resistance  to  give 
mechanical  protection  to  the  parts  witliin.  Within  this  is  the  choroid,  a 
vascular  layer  or  tunic,  presenting  on  its  interior  the  black  pigment  whicli 
darkens  the  interior  of  the  eye.  The  innermost  coat  is  the  retina,  an  ex- 
pansion of  the  optic  nerve.  The  eclcrotic  coat  is  perforated  in  front,  and 
into  the  circular  aperture  ao  arising  the  transparent  cornea  is  let,  like  a 
watch-glass.  Many  anatomists,  however,  consider  that  the  cornea  is 
absolutely  continuoU3  with  the  sclerotic,  and  a  part  of  it ;  the  acierotic 
and  the  choroid  are  united  round  the  edge  of  the  cornea  by  the  ciliary 
ligament.  The  iris  Is  perforated  in  its  centre,  the  aperture  being  desig- 
nated aa  its  pupil.  PosJcrior  to  the  iris  is  the  crystalline  lens,  the  space 
between  the  lens  and  the  cornea  being  £llcd  with  the  aqueitas  humor,  in 
which  the  iris  floats,  dividing  it  into  two  regions,  called,  from  their  posi- 
tion, the  anterior '^n.d  posterior  chambers.     All  the  leat  of  the  globe  be- 
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tweec  the  back  of  the  Ictia  and  the  retina  is  filled  with  a  substance  ex- 
tremely transparent,  and  kno«^l  as  the  vitrcoua  hamor.  The  aqueous 
humort  the  crystalline  lens,  and  the  vitreous  humor,  by  reason  of  their 
transparency,  offer,  therefore,  no  obstacle  to  the  passage  of  light. 


iLLuaTHATiona  of  the  kte. 

Fiff.  196 :  (7,  a,  sclerotic,  turned  over ;  &,  choroid  ;  c^  c^  ciliary  nerves 

traversing  sclerotic,  and  going  betvreen  it  and  choroid ;  <^  retina ;  e,  vit- 
reooB  body;  f^  crystalline  ;  y,  middle  section  of  iris  ;  A,  middle  section 
of  cornea;  ;',  anterior  chamber;  J,  posterior  chamber;  k\  canal  of  Fonta- 
F!i}.  ifts.  na,  between  the  ciliary  circle  and  iris 

on  one  side,  and  sclerotic  and  cornea  on 

the  other. 

Fig.  V^l. 


Prr-lil.-  view  of  ihc  tjQ.  ^-Vutit  vk-n  ..f  Hie  ejc. 

^ig.  l'*7  :  a,  trttTisparent  cornea  ;  h,  b,  sclerotic  ;  c,  iris  ;  d,  pupil ;  c. 
(■lliary  circle ;  f^  choroid,  on  wluch  is  seen  the  dichotonioua  termination 
of  tlic  ciliary  nerves  ;  y,  ciliary  processes ;  h^  crystalline. 


SBcnoy  OF  the  ete. 


ri'u  i'."i. 


f  i(f.  198 :  a,  upper  eyelid ;  J,  lower  (?yelid,  showing  the  different  lay- 
ers composing  them  ;  c,  (^,  conjunc- 
tiva, reflected  from  posterior  face  of 
eyelid  upon  the  anterior  fa^e  of  the 
globe  of  the  eye ;  d,  ci,  orbito-oc- 
iilar  ftponenrosifl,  prolonged  upon, 
e,  the  sheatii  of  the  optic  nerve,  and 
sending  sheaths  to  the  muscles  ;  f-, 
the  superior  rectus  ;  ^,  the  inferior 
rectus ;  A,  A,  sclerotic,  re-enforced 
behind  by  sheath  of  optic  nerve, 
Beeoen  »f  thu  «]ni.  and  in  front  by  aponeurotic  expan^^ 

^lon  of  recti  muscles  ;  t,  transparent  cornea,  ent  to  flhow  its  lamcElar  tejt- 
*^*^;  j■<j^  choroid;  k,  ciliary  circle;  ^, ciliary  body  and  procesf^cs ;  m, 
iris  and  pupil ;  n,  U:,  canal  of  Fontana  ;  o,  o,  retina,  continuous  with  sub- 
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stance  of  optic  nerve ;  ^,  ciliary  circle  of  Zinn ;  y,  q^  iiyaloid  mem- 
brane ;  r>  capsular  arteiy»  lodged  in  Jiyaloid  canal  5  «,  a,  vitreous  humor 
and  its  cells  ;  i^  crygtalline  and  its  capsule  \  u,  u,  canal  of  Petit ;  v»  an- 
terior chamber  j  x^  posterior  chamber. 

To  this  general  description  of  the  conformation  of  the  eye  maybe  add- 
ed a  few  remarks  on  each  of  its  constituent  parts. 

The  sclerotic  coat  consists  of  wliite  fibrous  tissue,  which,  in  addition 
The  seiEToiIo  to  the  use  before  mentioned,  affords  the  means  of  insertion  of 
coat-  the  muscular  mechanism  for  moving  the  hall.     It  is  thicker 

behind  than  in  front,  its  relative  thickness  differing  in  different  animals 
according  to  the  mechanical  circumstances  to  ivhich  they  have  to  be  ex- 
posed. In  the  wliale,  wHch  has  to  resist  the  pressure  of  a  deep  sea,  the 
sclerotic  is  an  inch  thick.  In  some  instances  cartilage  is  included  in  it* 
in  others  bone,  Besides  the  aperture  in  front,  into  which  the  conica  ie 
kt,  there  is  another  behind  for  the  passage  of  the  optic  nerve.  This 
method  of  description,  though  very  convenient,  ia*  however,  scarcely  cor- 
rect, if  we  consider  the  coats  of  the  eye  as  ari-sing  from  expansions  of  the 
optic  nerve,  for  then  the  sclerotic  answers  to  tiie  exteiior  investiture,  and 
the  tuLulea  of  the  nerve  gnin  access  to  tlic  interior  of  the  eye  without 
passing  througli  an  aperture,  properly  speaking.  The  place  at  wliich 
the  nerve  enfera  is  not  In  the  optical  axig,  but  at  a  distance  of  about  ita 
Own  diameter  on  the  interior  aide.  The  aperture  is  smaller  on  the  in- 
side of  the  sclerotic  tlian  on  the  outside;  tliua  it  presents  a  conical  shape. 
It  is  not  a  single  hole,  but  rather  a  collection  of  sieve-like  openings, 
through  which  the  optic  tubules  pass. 

Tlie  cornea,  which  is  let  into  the  sclerotic  in  front,  is  of  greater  curva- 
ture than  the  sclerotic.  Ita  front  and  back  faces  arc  parallel. 
Though  it  seems  to  he  pellucid  as  glass,  it  has  a  very  intri- 
cate construction,,  being  composed  of  at  least  five  separate  layers  ;  the 
innermost  one,  or  corneal  proper,  consisting,  it  is  said,  of  more  than  sixty 
lamella?. 

The  choroid  coat  is  arranged,  like  the  sclerotic,  for  the  passage  of  the 
ThethoroWj  Optic  nerve.  The  iris  is  commonly  described  as  a  process 
ica  lurange-      q(  jf^     Tlic  clioroid  15  a  shcct  of  blood  capiHariea  arrang-ed 

merit  fijr  intPO-    .  ,  ■    i  i  ■  i 

iludjiR  and  re-  m  two  layers,  an  artenal  and  a  venous,  m  such  a  way  as  to 
mcving  biMj,  gi^g  tijg  utmost  frccdom  of  access  for  the  arterial  blood  to 
the  retina  within.  The  veins  which  remove  this  blood  are  placed  in 
cun'ed  forms,  and  are  designated  vasa  vorticosa ;  from  the  choroid  also 
the  dark  pigment  is  secreted-  Those  animals  in  which  it  is  absent  are 
called  albinos.  Near  to  the  iria  t]ie  choroid  merges  in  the  ciliary  liga- 
ment, and  gives  forth  the  clUary  processes,  being  coveted  in  front  by  the 
ciliary  muscle. 

J^iff.  199 :  a,  a,  section  of  sclerotic ;  &,  exterior  surface  of  tlie  choroid, 
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Oil  wlticli  are  seen,  c,  c,  the  vasa  varticosa ;  (f,  d,  ciliary  nerves ;  fl,  ciliary 
iiganieuts  ;  J\  unterior  face  of  iria  ;  g,  pupil. 

fi'7-  iL"^'-  Fiit.  ioci. 


Thi!  vdciB  of  Ihe  chciruid,  Thn  jirlcrit»i  of  Ih*  cbornid. 

J<^ig.  200 :  a,  <?,  e.xlerior  siirfiice  of  the  choroitl  and  the  iris,  showing  thv 
arterial  network  of  these  two  membranea^  supplied  by  ihc  oUiar^v  Arteries, 
which,  after  having  traversed  the  aclerotic,  dividj;  into,  S,  A,  poaterior  cili- 
aries  for  the  choroitl,  and  r,  c,  anterior  ciliaries  for  the  iris. 

The  iria,  though  arising,  as  has  been  said,  from  the  choroid,  is  con- 
structed in  a  ditVerent  way,  it8  tissue  mainly  consisting  of  un-  , 
striped  miiHcular  tihre,  except  m  the  case  ot  birds,  which  present 
the  striped  variety.      It  is  extremely  vascular,  its  arteries  being  derived 
from  the  ciliary.     The  color  of  the  eye  depends  on  the  color  of  Ihc  front 
of  liie  iris  :  the  posterior  portion  Js  covered  with  blaek  pigtuent. 

The  ciliary  muscle,  for  such  it  has  been  proved  to  be  by  Dr.  Wallace, 
of  New  York,  ia  of  the  nnatripcd  kind}  its  action  is  to  move  the  lena. 
tn  birds  it  id  of  tlie  striped  vuriety- 

The  retina  intervenes  between  the  vitreous  hnmor  and  ihe  clioroid 
coat;  it  arises  from  the  tubules  of  the  optic  nerve,  which  Iiave  . 
Cast  off  thetr  covenng  investitures  on  their  passage  through  the 
.sclerotic.  It  extends  forward  to  the  ciliary  body ;  is  perfectly  trans- 
parent during  life,  though  it  soon  becomes  eetni-trausparent*  Its  strue- 
tiare,  a  knowledge  of  which  is  of  the  utmost  importance  in  the  theory  of 
vision,  will  be  presently  deeeribcd. 

Pi,r.  n(«i.  In  tile  optical  axis  of  the  eye  there  is  upon  the  ret- 

ina a  spot  of  about  the  twentieth  of  an  inch  in  diam- 
eter, called  tlie  yellow  spot  of  JSoemmering.  Its  posi- 
tion is  shown  in  J'^it/.  201.  The  entrance  of  the  optic 
nerve  ia  at  the  blind  spot  which  is  marked  at  some  dis- 
tance on  one  side.  The  vitreous  humor  is  contained  in 
YiUow  >pot  of  saem,  ft  dellcate  meph  of  transparent  tissue,  which  The  vitreous 

"^^  causes  it,  when  removed,  to  present  the  aspect  ^'^^'^ 

of  a  jelly.  Tn  front  it  receives  ihe  crystalline  lens,  which  is  contained 
in  a  closed  capsule.  Round  the  lens  there  ia  &  passage,  known  as  the 
canal  of  Petit,  which  enables  the  ciliary  muscle  to  move  the  lens.     The 
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analysis  of  the  vitreous  humor  shows  tbat  it  consists  of  water  contain- 
ing about  one  and  a  third  per  cent,  of  common  salt,  with  a  trace  of  al- 
bumen. 

The  cryatailiiic  lens  ia  a  double  convex  of  unequal  curvatures,  the  an- 
'l*hecry6iallJne  texior  surface  being  tlie  Hattcst,  the  shape  changing  with  the 
1««.  period  of  life,  as  also  does  the  density  of  its  partg^  its  cen- 

tral portions  being  always  the  most  dense.  In  construction  it  is  ex- 
tremely compleXj  being  made  up  of  tibrea  ranged  side  by  .siJc+  .and  so 
forming  successive  laininse.  The  fibres  are  about  tiie  -^^-ff  part  of  an 
inch  thick.  The  refracting  power  of  the  lena  ditfera  at  the  centre  and 
cireumferenco :  in  the  former  region  it  is  greater.  In  chendcal  compoai- 
tion,  the  lens  consists  of  about  fifty-eight  per  cent,  of  water,  and  thirty- 
&ix  per  cent  of  a  form  of  albuinen  known  as  globulin. 

The  aqueous  humor  fills  up  the  space  between  the  lens  and  the  cornea: 
Aqueous  humor  ^'  ^*  com|xiged  of  water  containing  about  one  per  cent,  of 
common  salt. 

Of  the  Optical  Actton  of  the  Eye. 

It  is  the  province  of  the  works  on  natural  philosophy  to  explain  how, 
Ko  t"  f  ^'''*^'^  '^^y-'*  °^  liglit  fall  ujwa  a  convex  lens,  or  upon  combi- 
images  iiy  nations  of  Buch  lenses,  an  intage  of  the  objeet  will  form  at  the 
enaea.  proper  foeal  distance.      For  the  purposes  of  physioIogVi  it  is 

sufficient  to  receive  this  as  a  fact,  wliicJi  may  l>e  easily  illustrated  by  ob- 
serving the  images  of  external  nbjej^ts  depicted  tipon  a  slieet  of  w lute 
paper  wlien  a  convex  leng  or  inagnifying-glas:^  is  held  at  a  particular 
distance  between  tiic  object  and  the  paper. 

In  making  anck  an  experiment,  some  other  facts  which  concem  the 
EfTeet  of  ills-  physiologist  may  be  readily  demonstrated:  1st.  That  the 
unceofiiicoi..  focal  distance,  tiiat  is,  the  distance  between  the  leng  and  the 
Bturi!  of  iiio  paper,  ia  variable:  it  is  greater  lor  objects  that  are  near,  less 
lehii.  \^j  tliose  tliat  are  remote;  2d.  That  lenses  of  different  curv- 

atures being  compared  together,  the  flatter  ones  have  the  longest  focus 
for  objects  at  the  same  distance ;  -^d.  That  lenses  of  the  sanie  focus,  but 
of  different  diameterfi,  give  images  unequally  pharp,  an  indelinitcnesa  be- 
ing perceived  in  the  image  given  by  the  lens  of  large  diameter*  This  in- 
distinctness is  due  to  the  spherical  figure  of  the  h'ns,  and  would  not  have 
Fiph»rica]  and  ^ccnrrcd  had  the  surface  been  ground  to  anotlier  conic  sec- 
rhromaiicmber-  tion.  It  ia  called  S])herical  aberration;  4t]i.  Unless  the 
*  ^'™'  lens  be  of  very  long  focus,  cir  its  aperture  or  diameter  Iji- 

very  small,  the  edges  of  the  images  it  yields  will  be  fringed  with  rainbow 
colors,  and  thereby  a  second  cause  of  indistmctness  arises.  It  is  called 
chromatic  aberration.  Tliis  aberration  may  be  destroyed  by  properly 
combining  together  lenses  made  of  diSerent  refracting  media^  and  with 
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SDTfaces  of  suitable  curvatures;  a  combination  in  which  this  has  been  ef- 
tccted  ia  termed  an  achromatic  lens ;   and  it",  at  the  aanic  time,  by  proper 
arrangements,  tlie  Bpherical  aberration  lias  been  destroyed^  the  lena  ia 
^  termed  aplanatic. 

Now  the  afitieous  humor,  as  bounded  by  the  cornea  in  front  and  the 
crj'stalline  lena  behind,  acta  as  a  convex,  and  therefore  con-  (-o^v^^r^n, 
verging  lens,  and  to  this  effect  the  crystalline  itself  adds  pow-  modi*  of  iiw 
erfully,  the  two  conjointly  causing  the  images  ot"  external  ob-  ^•'^  ' 
jects  to  tbrm  upon  the  black  pigment.  These  images  are,  of  eomse,  in- 
verted. 

The  adjustment  of  the  eye  for  perfect  vision  of  objects  at  different  dis- 
tances is  accomplished  by  the  action,  of  the  ciliary  muscle,  j^ji„,,_._a  ^ 
the  requisite  movement  being  to  draw  the  lens  farther  from  iinii--iiiitrynnM. 
the  black  pigment  when  the  object  is  near.  There  has  been  '^^  '^^  isiance. 
much  controversy  as  to  the  manner  by  which  this  adjustment  for  dis- 
tance ia  effected,  hut  it  ia  generally  now  agreed  that  it  ia  done  in  the 
manner  just  mentioned.  There  liag  also  been  a  difference  of  opinion  aa 
respects  the  actual  screen  upon  which  the  images  form.  Home  of  the 
early  optical  writers  regarded  the  bluck  pigment  as  being  The  rereiving 
that  receivinff  surface,  an  opinion  which  has  been  universal-  ":"^e'^  i*  ft"*; 
ly  abandoned^  the  innetion  having  been  oi  iate  attributed  to  and  not  the  ret- 
the  retma,  but,  as  it  appears  to  me,  on  totally  insufficient  ^""' 
grounds.  The  argument,a  against  the  retina,  both  optical  and  anatom- 
ical, are  perfectly  unanswerable.  During  life  it  ia  a  transparent  medium, 
aa  incapable  of  receiving  an  image  as  a  sheet  of  clear  glass,  or  the  at- 
mospheric air  itself;  and,  aa  will  presently  be  found,  when  we  come  to 
describe  its  structure,  its  sensory  surface  ia  its  exterior  one,  that  is,  the 
one  nearest  to  the  choroid  coat.  But  the  black  pigment,  from  its  perfect 
opacity^  not  only  completely  absorbs  the  rays  of  light,  turning  tJiem,  if 
.■iuch  a  phrase  may  be  used,  into  heat,  no  matter  how  faint  they  may  be, 
but  also  discharges  the  well-known  duty  of  darkening  the  interior  of  the 
eye,  and  therefore  preventing  indistinctness  through  the  straying  of  the 
rays  of  light.  Pcrtection  of  vision  requires  that  the  images  should  tbrm 
on  a  mathematical  superficies,  and  not  in  the  midst  of  a  tranapaient  me- 
dium.    The  black  pigment  salisfies  that  condition,  the  retina  does  not. 

Spherical  aberration  is  compensated  for  partly  by  the  increasing  dens- 
ity of  the  lena  toward  ita  centre^  and  partly  by  the  action  Correcilan  for 
of  the  iria,  wliich  stops  such  rays  of  light  as  are  at  any  con-  &iih«rictti»bBr. 
siderahle  distance  from  the  axia  of  the  eye,  acting  in  the 
same  maimer  aa  a  perforated  plate  or  diaphragm  in  ordinary  optical  in- 
struments. 

It  does  not  appear  that  there  is  any  attempt  at  correcting  the  chromat^ 
ic  aberration  of  the  eye,  though  it  ia  popularly  supposed  that  the  cornea. 


3SS  LONG   AKD   SHORT  glQHT. 

Ch  m  f  h.  *^^  aqueoas  humor,  the  lens,  and  the  vntreous  humor  act  to- 
eiratiiiin  is  ud-  gether  in  the  same  manner  as  the  diftcreiit  pieces  ol'glasa  in 
wrrecicii,  g^  achromatic  arrangement.    Optical  reasons,  however,  found- 

ed upon  the  constitution  and  retractive  povvci  s  of  those  subataiicea,  lead 
us  to  abandon  that  view,  and  in  &  theoretical  respect  to  regard  the  eye 
as  imperfect  in  this  particular. 

Adjustment  for  the  variable  intensity  of  light  is  effected  by  the  dilata^ 
.  tions  and  contractions  of  the  iris,  the  pxipillary  opening  of 
ihs  inienwty  which  vaijes  from  the  ^  to  the  ^  of  nn  iisch  in  diameter, 
vanaiiona.  -yy^  ^^^  ^^^^  enabled  lo  bring  to  the  same  degree  of  illumin- 
ating effect  upon  the  retiua  ligbta  whicli  differ  in  brilliancy  in  the  pro- 
portion of  one  to  forty-five.  The  raeana  by  which  this  is  accomplished 
will  be  more  particularly  described  when  we  speak  of  the  nervous  mech- 
anism of  the  eye- 
It  has  been  already  observed  that  tlic  actual  field  of  view  at  a  given 
moment  is  quite  limited.  Wc  arc  liable  to  deceive  ourselvea  on  tliifi 
point  from  the  rapidity  with  which  the  eyeball  can  be  directed  to  differ- 
ent parts  in  succession. 

In  what  has  been  said,  reference  is  made  to  a  perfect  eye ;  but  imper- 
Long and  short  fections  arc  very  common.  Two  may  be  more  parcicnlarly 
rawrlwMuD  by"^  pointed  out — long-sigEitedncsa  and  sliort-sightedness.  In 
spoctadeB.  the  formet,  objects,  to  be  seen  tiii,'ilinctly,  must  be  placed 
farther  off  than  the  usual  distance ;  in  the  latlcr  tliey  must  be  brought 
nearer.  Long-si ghledness  arises  from  the  flatness  of  the  lens  or  cornea, 
HO  tliat  the  focal  images  given  do  not  fall  truly  on  the  black  pigment,  but 
would  be,  at  a  certain  distance,  exterior  to  it ;  hence  the  indij^tinctncsB 
that  results.  Short-sightedness  is  due  to  an  excess  of  curvatuie  in  the 
oomea  or  lens,  the  rays  forming  their  focal  images  before  the  black  pig- 
ment is  reached.  The  former  defect  may  be  removed  by  the  use  of  con- 
vex Icnsea  as  spectade3t  the  latter  by  concave.  It  is  often  said  that 
sJliort-siglitednesg  is  a  defect  of  early  life,  long-sightedness  of  old  age. 
However  this  may  be  in  anotiier  respect,  it  is  not  so  optically.  Indeed, 
eases  sometimes  occur  in  which  one  eye  is  affected  with  the  former  and 
the  other  with  the  latter  difficulty.  Very  frequently  the  two  eyes,  com- 
pared together,  will  be  found  differently  advanced  in  their  degree  of  im- 
peric'Ctiont  and  hence  the  difficulty  of  obtaining  a  pair  of  speclaclea, 
though  tlie  selection  is  attempted  to  be  made  out  of  a  large  assortment. 
In  Btich  cases,  each  eye  should  be  accommodated  with  a  lens  to  suit  it- 
self. 

Compared  with  the  organ  of  hearing,  the  eye  is  much  more  limited  in  ita 
Limit  of  vision  3cl'f>n  i  *or,  while  the  ear  can  distinguish  sounds  which  vary 
u  one  ocitavB.  through  many  octaves,  the  eye  can  only  perceive  vibzationn 
which,  to  use  the  language  of  acoustica,  differ  by  a  single  octave  only. 
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To  one  octave,  tliertifore,  its  range  is  limited.  The  extreme  red  ray,  wMcli 
is  emitted  hy  a  eubfitiince  just  becoming  red  hot  at  a.  temperature  of 
1026"^  Falir.,  and  wliith  13  the  least  retVangible  tliat  can  affect  the  eye, 
is  caused  by  vibrations  that  are  exactly  lialf  aa  frequent  as  the  extreme 
violet  ray  emitted  by  the  sun.  It  ia  important,  in  the  explanations  wc 
(ire  giving,  to  understand  tliat,  in  a  perfect  solar  spectrum,  the  distribution 
of  the  colored  spaces  ia  totally  different  from  what  it  is  in  the  case  of  the 
prismatic.  In  such  a  Bpcctnim,  aa  produced  by  the  interference  of  rays 
passing  throngh  a  aurfaco  of  glass  on  which  have  been  ruled  with  a  point 
of  a  diamond  parallel  lines  llic  yij-JjjTj  of  an  inch  apart,  the  yellow  occu- 
pies the  middle  region,  and  from  this  the  light  grades  off,  terminating  at 
equal  diatancca  with  the  extreme  red  on  One  side  and  the  extreme  violet 
on  the  other.  The  cireum stances  of  sueh  an  experiment  prove  that,  the 
wave  length  for  the  red  light  being  compared  with  that  for  the  yellow, 
and  also  far  that  of  the  violet,  they  bear  to  one  another  the  extraordinary 
and  sirn|4c  relation  of  1,  1|,  *2,  establishing  the  assertion  just  made, 
that  tbe  extreme  limit  of  perception  of  the  eye  is  compriaed  in  a  single 
octave. 

I  may  refer  to  tbe  RX]}erinientB  published  by  myself  on  this  point,  and 
also  to  those  both  antecedently  and  subse(]^uently  imbliaJied  „,   . 
by  M.  MeUoni,  in  proof  of  the  unreliability  of  the  method  of  tolurta  ruy*  u 
examining  the  solar  Rpectmm  by  the  pri.am   in  the  manner  !"  ru"'"^'.?"" 
introduced  by  Newton,     More  particularly  to  the  diaeussion  Tni.u«Uiig  pow- 
now  before  ua  docs  this  remark  apjily ;    for  the  priam,  aa  *"^' 
may  be  gathered  from  what  has  just  bsen  said,  spreads  out  the  colors  of 
light  unduly,  and  gives  false  indications  respecting  the  distribution  of 
heat.     Thcfc  can  now  remain  na  doubt,  although  tbt'!  pri&m  indicates  the 
contrary,  tiiat  the  yellow,  or  brightest  ray  of  light,  is  the  hottest,  and 
that  the  warming  ]P0wcr  of  the  others,  orange,  green,  ^^c,  follows  in  the 
order  of  their  luminous  intensity.     When  wc  have  finished  a  descrip- 
tion of  the  nervous  mcchaiiisni  of  the  eye,  we  shall  find  that  the  ex^^' 
nation  of  its  fitnction  turns  on  the  admission  of  this  fact. 

The  eye  is  limited  in  nnoihcr  respect ;  it  can  not  simultaneously  com- 
pare lights  which  differ  from  one  another  in  brilliancy  if  the  Limit  in  the 
one  fihould  he  upward  of  fU  times  m  bright  as  the  other.  I^^Jn^iTn^ 
The  more  luminoua  overpowers  or  extinguishes  the  feebler,  of  li^hw. 
Wc  can  not  see  the  light  of  a  candle  if  we  hold  it  up  against  the  sun.  T 
may  again  refer  to  the  cxperinienls  I  have  published,  establishing  that 
upon  this  fact  is  fotmded  the  most  exact  method  of  pliotometry  yet 
known. 

2d.   Of  the  Nervous  Mechanism  of  the  Eye, 
In  the  preceding  description  it  was  stated  that  the  retina,  commonly 
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described  aa  an  expansion  of  the  optic  nerre,  interrenes  between  the  vit- 
reoua  humor  and  the  cboroid  coat. 

Eegarding  it  as  compoged  of  distinct  layera,  the  iimermoEt  of  wliicb. 
ConstmciioD  iJi  contact  with  tlie  hyaloid  membrane,  ia  called  the  fibrous 
"'^d^'ji^'ba"  S'^y  ^^y^'**  i^^sea  from  the  tubules  of  the  optic  nerve,  which 
(nfiiobrane-  have  cast  ort"  the  white  substance  of  Schwann;  and  in  pas-s- 
iijg,  we  may  dwell  emphatically  upon  the  point  that  at  tliat  spot,  where 
it  exists  alone^  that  ia  to  say,  where  the  optic  nerve  ia  entering  the  eye, 
vision  can  not  be  performed.  Beneath,  or  outside  this  fibrous  layer, 
comes  the  gray  vesicular  layer:  it  is  analogous  to  the  vesicular  matter 
of  the  "brain.  The  two  layers  thus  far  described  are  served  with  capillary 
blood-veaaels  of  extreme  minuteness.  Outside  of  the  gray  vesicular  lay- 
er is  the  gi'anular  layer,  which,  as  ita  name  imports,  consists  of  a  conge- 
ries of  granules,  which  are  probably  the  origin  of  the  vesicles,  new  ones 
arising  fi-oni  this  layer  continually.  Yet  again,  outside  of  the  granular 
layer,  comca  a  delicate  sheet,  known  as  the  membrane  of  Jacob,  but  wliicli 
is  formed,  in  reality,  from  tlie  juxtaposition  of  a  set  of  rod-shajwd  and 
conical  bodies,  the  thicker  ends  of  the  rods  being  outward,  the  thinner 
inward. 

rs};.  '■^^.  J^i^.  202  shows  the  partifd  detachment  of 

the  membrane  of  Jacob  from  the  exterior  of  the 
retina.  The  membrane  appears  as  delicate 
shreds,  and  may  be  advantageously  demon- 
strated after  the  removal  of  the  choroid,  the 
specimen  being  placed  under  water. 

In  the  preceding  description  I  have  followed 
1 1  le  course  usually  taken  by  former  anatonuats, 
who  describe  tlie  retina  as  consisting  of  suc- 
cessive layers  or  stratu,  but  much  more  philo- 
Mi.'iiii>rai....jir  jiicrju  sophical  views  are  obtained  by  considering  it  in 

-r  .,  .  the  manner  introduced  by  H.  Miillcr,  that  is  to  say,  in  its 
otftminatiyu  radial  section.  From  this  it  appears  that  the  four  strata 
0  t  e  reuno.  jj^g^y^.  tuentioned,  viz.,  1.  JacoVs  layer  of  rods  and  cones  ;  2. 
Tlie  granular  layer?  3.  The  vesicular  layer;  4.  The  fibres  of  the  optic 
nerve,  are,  hi  reality,  all  connected  in  such  a  way  that,  passing  in  a  radial 
direction  as  respects  the  globe  of  the  eye,  all  these  diflerent  clcnienls  arc 
fluccessivclv  combined,  constituting  what  is  termed  the  radiated  fibre 
nystem.  Thus  from  each  of  the  proper  fibres  of  the  optic  nene  a  thrcad- 
lUdUI  flbri.-  *ihe  body  passes  radially  t!n-ough  the  tliickness  of  the  retina, 
9X»t£<in.  including  in  its  outward  passage  a  vesicle,  and  again,  beyond 
that,  a  granule,  and,  still  farther,  a  cone,  and  terminating  in  a  rod;  so 
that  from  the  estremity  of  the  rod  there  is  a  continuous  communication 
through  the  tliickness  of  the  retina  to  the  fibres  of  the  optic  nerve;  the 
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rods  are  therefore  to  be  regarded  as  the  tprmination  of  the  optic  fibree. 
In  the  opinion  of  MiiUer  and  Kolliker,  the  rods  and  cones  composing 
.faoob'a  membrane  are  the  true  percipients  of  light,  commiinicating  their 
condition,  to  the  librea  of  the  optic  nerve  bj  means  of  the  connection 
wliicli  they  thus  miiiiitaiii  witJi  it ;  or,  perliaps,  the  rods  and  cones  are 
conductors  of  the  luminous  impressions  to  the  nerve-cella  of  tlie  retina, 
which  constitute  a  ganglion,  capable  of  percejying  Hgbt*  and  the  tibrcs  of 
the  optic  nerve  merely  communicate  those  inipress^ions  to  the  sensorium. 

Whichever  of  these  descriptionB  we  may  follow,  the  physiological  fact 
which  I  desire  fo  present  with  cmpliasis  still  rcmaina  the  same.  It  ia, 
that  the  sentient  or  receiving  part  of  the  retina  ia  the  posterior,  that 
which  is  in  contact  with  the  black  pigment. 

The  second  pair  of  nervea,  from  which  the  retina  ia  thus  derived,  are, 
trom  their  furictionj  designated  the  optic  nerves.  They  do  The  optic 
not  enter  the  sclerotic  in  its  optical  axis,  but  at  a  little  dis-  nerves:  their 
tance  on  one  side,  and  obliquely — a  provision  doubtless  in-  imssnue  to  thi- 
tended,  in  a  measure,  to  avoid  the  occurrence  of  the  blind  ''"'"^'"■ 
spot  on  the  centre  of  the  Held  of  vision,  and  to  place  it  unsym metrically 
in  the  two  eyes,  so  that  each  eye  shall  compensate  the  defect  of  the  oth- 
er* The  nerves  from  each  eye  converge  to  their  chiasm,,  which  is  a  com- 
missure consisting  of  three  distinct  systems  of  tubules — an  anterior  set. 
which  arc  commisaures  between  the  two  retina*,  a  posterior  set,  commis- 
am'es  between  the  two  optic  tlialami,  and  an  interior  set,  tJie  proper  tu- 
bules of  the  optic  nerve,  wliicih  cross,  those  from  the  right  eye  going  to 
the  left  aide  of  the  brain,  and  thoac  from  the  left  eye  going  to  the  right 
aide  of  the  brain.  TJie  chiasm  is  therefore  to  be  regarded  as  a  complex 
structure,  its  posterior  region  being  independent  of  the  other  parts,  and 
existing  in  anhnala  in  wliich  the  optic  nerve  is  not  found,  as,  tor  exam- 
ple, in  the  mole. 

Besides  the  optic  nerve,  which  is  exclusively  the  nerve  of  vision,  the 
collateral  parts  of  the  eye  are  supplied  from  various  soujrees.  „  .. 

The  third  pair,  or  motoresHDciilortim,  supply  the  superior,  in-  fyc--tiniiand 
ferior,  and  iutenial  recti  muscles,  the  inferior  oblique,  and  the  '»i«^'^'=*i  ?»««■ 
levator  palpebrie.  The  fourth  pair,  or  patlietici,  supply  the  superior  ob- 
lique or  troehlear  muscles.  Of  the  tifth  pain  supplies  are  derived  trom 
the  frontal  branch,  lachrymal,  the  ciliary,  and  the  infra-trochlear.  The 
sixth  pair,  or  abducent,  pass  to  the  external  recti :  suppUes  are  also  de- 
rived from  the  sympathetic.  Of  these  nerves,  the  fiinctiona  are  very  va- 
rious ;  some  are  for  the  movement  of  the  ball,  or  for  general  sensibility 
of  the  surface,  or  for  the  moveiueuts  of  the  eyelids,  or  tor  those  of  the  iris, 
and  some  for  the  lachrymal  apparatua. 
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Of  the  Function  cf  tfie  JVertfou^  Mechanism,  of  the  J^t/e. 

The  reasons  have  already  been  given  for  considering  that  it  is  the 
TlicbUcit  piB-  black  pigment  whicli  acts  as  the  receiving  or  optical  Bcreen» 
fflent,  and  not  ftnd  not  the  retina.  If  no  other  argument  was  adduced  for 
ih«  receivinis  departing  rrom  the  Opinion  usually  expressed,  wliich  attrib- 
'^^^-  utes  tliis  function  to  the  retina,  tlie  thickness  of  that  struc- 

ture  wonld  be  sufficient ;  images  can  only  form  with  precision  or  sharp- 
ness upon  an  abrupt  surface.  And  since  it  is  now  indisputably  ascer- 
tained that  both  the  cliemical  effect  and  the  lieating  effect  of  the  rays  of 
light  depend  upon  their  absorption,  those  eiiectB  being  in  direct  propoi^ 
tion  to  the  completeness  with  which  absorption  is  taking  place^  we  are 
justified  in  inferring  that,  since  the  eye  is  sensible  to  rays  of  so  low  a 
degree  of  intensity,  and  to  each  of  the  colored  ones  equally,  its  serpen  of 
reception  must  not  only  be  a  superficie3+  but  likewise  a  black  one.  ■  Such 
a  surface  the  black  pigment  is.  In  the  case  of  albinos,  and  animals  in 
which  the  black  pigment  is  imperfectly  developed,  the  receiving  surface 
or  screen  is  still  tlie  interior  of  the  choroid.  Under  such  circumstances, 
yision  must  be  indistinct. 

Recalling  what  lias  Iiecn  said  respecting  the  diffuse  sensibility  of  the 
Heating  nfli-i-t  lower  member.?  of  the  animal  series  to  light,  and  the  atruc- 
oathe  pigmeQi.  turo  of  ocelli*  it  accordg  Tivell  therewith  to  consider  that  the 
primary  effect  of  tlie  rays  of  liglit  upon  the  black  pigment  is  to  raise  its 
temperature,  and  this  to  a  degree  which  is  in  relation  to  their  intensity 
and  intrinsic  color ;  light  which  is  of  a  yellow  tint  exerting,  as  has 
been  said,  the  most  e]icrgetic  action,  and  rays  which  correspond  to  the 
exlremc  red  and  the  extreme  violet  the  feeblest,  Tlie  varied  iinagts  of 
esitemal  objects  which  are  thus  painted  upon  the  black  pigment  raise  its 
temijeralure  in  becoTning  extinguished,  and  tiiat  in  the  order  of  their  brill- 
iancy and  color;  the  pigment  thua  discharging  a  double  duty,  as  a  sur- 
face of  extreme  sensibility  for  calorific  impressions,  and  also  as  darken- 
ing the  interior  of  the  globe. 

In  this  local  disturbance  of  temperature,  in  my  ojiinion,  tlie  act  of 
Manner  of  per-  ^^^^^n  commeuccs,  this  doctrine  being  m  perfect  harmony 
nption  hy  ibe  with  the  anatomical  strtieture  of  the  retina,  the  posterior 
"  "*■  surface  of  whidi  is  its  sensory  surface,  and  not  the  anterior, 

as  it  ought  to  be  if  the  explanation  usually  given  of  the  nature  of  vision 
is  correct;  and  therefore,  as  when  we  pass  the  tip  of  the  finger  over 
the  surfaces  of  bodies,  and  recognize  wann  and  cold  spaces  thereupon, 
the  same  occiirs  with  infinitely  more  delicacy  in  the  eye.  The  clul^ 
shaped  particles  of  Jacob's  membrane  are  truly  tactile  organs,  which 
communicate  to  the  sensory  surface  of  the  tclina  the  condition  of  tem- 
perature of  the  black  pigment. 
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But  this  commiinication  of  a  variation  of  leinperature  implies  a  varia- 
tion in  ihe  waste  and  repair  of  the  retina  itself,  for  there  can  \>e  no  doubt 
that  all  audi  ctmDgea  are  accelerated  by  an  increase  of  lieat,  and  dimin- 
ished by  its  decrease.  And  thongh  in  thia  manner  the  origin  of  the  ac- 
tion whtoh  Iii*6  been  set  up  ia  calorific,  and  tiierefore  pbyeical,  it  imme- 
diately becomes  converted  into  a  pbyaiological  equivalent  ia  the  meta- 
tnorphosia  and  destruction  of  ^  neri,'ous  tissue 

Tlie  eye  can  not  perceive  rays  wliicli  come  from  a  luminous  source 
the  temperature  of  wbicli  is  lower  than  1000°  F.,  for  anch  rays  can  not 
pass  through  a  stratum  of  water  or  through  the  humors  of  tlie  eye. 
Natural  philosophers,  in  making  a  distinction  between  light  and  heat, 
have  too  often  overlooked  the  fact  that,  though  thermometers  are  sensi- 
tive to  rays  of  every  sort,  the  eye  is  not.  Its  indications  arc  complicated 
by  the  necessary  introduction  of  absorbent  media,  which  stop  all  rays 
the  refrangibiHty  of  which  is  low. 

Many  years  ago.  Count  Rumford,  from  a  limited  examination  of  cases, 
concluded  that  all  photographic  eftedfl  arc  the  ertbcts  of  rhuiographic 
a  high  temperature.  From  an  examination,  continued  for  f^^/ofTiiiffii 
many  years,  of  nunieroug  phenomena  of  the  same  class,  which  icmrwrature. 
have  since  been  described,  I  have  come  to  the  ."^ame  conclusion.  The 
impinging  of  a  ray  of  light  on  a.  point  raises  the  temperature  of  that 
point  to  the  same  degree  as  that  possessed  by  the  source  from  wli]c3i  tlie 
ray  conies,  but  an  immediate  descent  takcd  place  through  conduction  to 
the  neighboring  particles.  This  conducted  heat,  by  rca-son  of  its  indef- 
initely lower  intenaity,  ecasea  to  have  any  chemicid  eft'cctT  and  hence 
photographic  images  are  perfectly  shaqi  on  their  edges.  It  may  1*  dem- 
onstrated that  the  same  thing  takes  place  in  vision,  and  in  this  respect 
it  might  almost  be  said  that  vision  is  a  photographic  efibct,  the  receiving 
Borfacc  being  a  mathematical  superficies,  acting  under  the  preceding  con- 
dition. All  objects  will  therefore  be  detinitc,  and  sharply  defined  upon 
it,  nor  can  there  be  any  thing  like  a  lateral  spre^iding.  If  vision  took 
place  in  tlic  retina  as  a  receiving  medium,  all  obfccls  would  be  nebulous 
on  tiie  edges.  Tliis  slinrpuess  iind  ^'^^ading  off  are  happily  illustrated  by 
the  metal  dagucrreotyjie  and  p-'ipcr  pbotograpli  respectively. 

Perhaps  it  might  be  thought  that  the  sharpness  of  impressions  npon 
collodion  or  atbumen  stands  in  ojiposition  to  what  is  here  AijsorpUonnBr. 
said  respecting  the  inefficiency  of  translucent  media.  Those  ["°^]j°J  ^^'^ 
substances,  however^  would  be  totfilly  inert  unless  there  had  tiun. 
been  purposely  mingled  with  them  some  compotind  of  easy  decomposi- 
bility,  capable  of  absorbing  the  blue  rays,  which  are  in  these  cases  the 
effective  photographic  ones.  Such  a  compound  must  commonly  lie  of  ,i 
yellow  color.  In  these  sub.stancca  the  absorption  takes  place  with  en- 
ergy the  moment  the  light  has  entered  their  surface.     In  the  Philosoph- 
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ical  Magazme*  September,  1840, 1  have  given  proofs  that  the  essential 
condition  of  the  chemical  activity  of  a  ray  of  light  ia  its  being  thus  ah- 
aorbed.  As  an  dlustmtion  may  be  given  the  well-known  result,  that  if 
chloride  and  hydrogen  be  exposed  to  the  sun,  they  unite  with  a  violent 
exploHion,  but,  under  the  laame  circuni stances »  oxygen  and,hydrogen  will 
utterly  refuse  to  unite,  no  matter  how  long  the  period  of  exposure  may 
be.,  nor  what  the  brilliancy  of  tlie  light;  and  the  difference  in  the  two 
cases  is  merely  this,  tliat  the  chlorine,  beuig  of  a  yellowish  color,  can  ab- 
sorb the  violet  light,  and  therefore  be  influenced  by  it;  but  the  oxygen, 
being  uncolored,  can  not.  For  photo^-aphic  eflt'ecte,  as  weU  as  calorific, 
the  essential  condition  is  absorption.  A  medium  like  the  retina,  which 
is  without  absorbing  action,  permits  rays  to  pass  through  it  without  any 
kind  of  (effect,  but  a  surface  like  the  black  pigment^  which  rcceivpj*  them 
all  equally,  whatever  their  color  may  be,  and  absorbs  them  all  equally, 
is  equally  affected  by  them  all. 

The  impression  arising  from  the  disturbed  condition  of  the  retinal 
Function  of  tho  vesicles  is  carried  by  the  optic  tubules  to  the  chia-stn  of  the 
iwcchiL-f  1117-  f^Q  nerves.  Apart  front  the  General  facts  elsewhere  pre- 
nK  and  tilt  oho-  scnted  by  physiology,  the  existence  of  a  blind  spot  at  the 
"•"^  entrance  of  the  optic  nerve,  where  there  ia  a  necessary  ab- 

sence of  vesicular  Btructure^  is  a  clear  proof  of  the  insensibility  of  the 
tubular  structure  to  the  influence  of  light.  Considering,  therefore,  the 
retina  aa  typically  coniposed  of  three  layers,  one  of  tubules,  one  of  vesi- 
cles, and  one  of  granides,  and  these  bi  health  being  perfectly  transparent, 
the  luminou.9  beams  pass  through  them  just  as  they  do  tlirough  the  at- 
mosphere, without  exerting  t!ie  slightest  effect ;  and  as,  when  those  rays 
strike  the  opaque  surface  of  the  earth,  or  are  absorbed  by  the  sea,  heat  is 
disengaged  and  eftecta  ensue,  so  likewise,  when  they  have  reached  the 
black  pigment,  the  changes  I  have  been  designating  arise.  The  vesicu- 
lar layer  "andergocs  rapid  metamorphosis,  the  eftcct  of  that  change  is 
transmitted  by  the  tubular  layer,  and  in  the  granuliHr  the  germs  arc  con- 
stantly arising  from  which  the  waste  of  the  middle  layer  is  repaired.  So, 
therefore,  the  tubular  layer  is  lor  conduction,  the  vesicular  layer  for  waste, 
the  granular  layer  for  repair;  and  now  appears  the  sigiiiHcanoe  of  the 
L'onatruction  and  proximity  of  the  choroid  coat,  for  tin.  waste  nfthe  ve- 
sicular layer  can  not  occur  save  under  the  oxidizing  influence  of  the  ar- 
terial blood,  nor  can  the  nutrition  of  the  granular  layer  be  accomplished 
except  under  the  same  condition.  Moreover,  the  resulting  products  of 
waste  require  to  he  quickly  removed,  and  it  is  not  possible  to  conceive 
the  construction  of  an  arrangement  better  adapted  for  this  triple  objecl 
than  that  which  the  choroid  presents.  On  the  old  view  of  the  nature  of 
viBion,  the  construction  of  the  choroid  seems  to  be  without  significance. 

The  analogy  between  the  mechanism  of  the  retina  and  tlxat  of  the 
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skin,  BO  far  as  wasto  and  restoration  arc  concerned,  can  not  fail  to  be 
noticed* 

The  effect  wJiich  has  thus  been  communicated  to  the  vesicular  layer 
of  the  retina,  through  the  intervention  of  Jacob's  roda  and  ,  . 

cones,  is  now.  carried  along-  the  nervous  tubules  out  of  the  of  tbo  rigiit  and 
globe  of  the  eye.  The  nerves  from  each  eye,  Converging,  '^  ^^''" 
encounter  one  anotlier  at  the  chiasm,  the  triple  structure  of  which  haB 
already  been  described.  Here  it  is,  however,  to  be  understood  that, 
while  the  proper  optie  tubules  of  the  right  eye  go  to  the  left  brain,  and 
of  the  left  eye  to  the  right  brain,  the  anterior  band  of  commiaaural  tu- 
bules brings  the  two  eyes  into  a  special  relation  with  one  another,  the 
right  aide  of  one  eye  corresponding  with  the  right  of  the  other,  and  the 
left  with  the  left ;  or,  to  put  tlie  same  statement  under  a  niore  simple  yet 
more  inBtructive  form,  tlie  outer  side  of  one  eye  corresponds  with  tlie  in- 
ner of  the  other,  and  in.  this  manner  the  two  retinje  become  as  if  they 
were  virtually  incased  the  one  within  tlie  shell  of  the  other,  jin  arrange- 
ment which  obviously,  as  has  been  already  remarked,  compensates  in  a 
degree  for  the  blind  spot  of  each  eye,  and^  indeed,  eliminates  the  eftect  of 
all  accidental  iri'egularitiea,  for  nnmberless  such  irregularities  nuist  exist, 
there  being  a  neccaaity,  for  exainjtJe,  that  blood-vessela  should  cross 
through  the  aensitive  to  the  conducting  structureH,  and  such  biood-vea- 
sels  give  rise  to  lines  of  inertness. 

From  this  cOmruisBuiral  arrangement  it  cOmea  to  pass  that  each  retina 
(lossesses  regions  of  symmetry  with  the  other,  mid  on  thia  Rif,^,],.  j^jj 
HLUgleness  of  vision  depends  ;  each  point  of  the  outer  portion  double  viaLon. 
of  the  retina  of  the  rigjit  eye  has  its  point  of  symmetry  in  an  inner  portion 
of  the  left,  and  when  t'rotn  a  distant  object  rays  fall  on  these  symnictrical 
points,  that  object  will  be  seen  single ;  but  if',  by  the  pressure  of  the  tin- 
:^er  or  otherwise^we  compel  tlie  image  to  fall  in  one  of  the  eyes  upon 
another,  and,  therefore,  non-symmetrical  point,  tiie  object  at  once  becomes 
double.  It  should  be  remarked  that  this  exchange  of  symmetry  concerns 
only  the  lateral  divisiong^  for  the  upper  portion  of  one  eye  corresponde 
with  tlie  upper  portion  of  the  other,  and  the  lower  with  the  lower. 

If  the  view  whicli  I  have  presented  respecting  the  acalaj  of  the  laby- 
rinth of  the  ear  be  correct,  that  singular  structure  finds  its  Anaiorv  bc- 
cquivalent  in  the  black  pigment  of  the  eye:  for  though  we  twMntiiesciii» 
oidy  know  in  an  indistinct  manner  the  physical  condition  of  *"  P'S™oa . 
black  opacity,  we  may  be  certain  tliat  it  ariaea  from  total  intcrferenoe  of 
rays,  and  such,  it  is  presumed,  is  the  otHce  of  the  Bcalas  of  the  ear. 

LnpresaionB  made  upon  the  retina  do  not  disappear  instantly,  but  grad- 
ually fade  away,  and  in  so  doing  occupy  o  certain  period  of  purntion  of 
time,  which  varies  with  the  brightness  of  the  original  light,  the  impreMiou* 
existing  condition  of  the  eye,  and  the  illumination  to  which  it   ""       *''' 
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is  exposed.  This  duration  of  impressions  la  commonlj  estimated  at 
about  one  third  of  a.  second.  It  is  a  phenomenDii  analogous  to  tliat  of  the 
confinnance  of  sound  in  the  ear,  and  suhserves  an  important  purpose  of 
keeping  vision  continuous  and  distinct  during  the  winking  of  the  eyelids. 
Commonly  it  is  illustrated  by  reterring  to  the  familiar  experiment  of  n 
stick  lighted  at  one  end  and  twirled  rapidly  round,  wliich  gives  rise  In 
the  appearance  of  a  continuous  tiery  cirele.  Many  ingenious  and  interest- 
ing toys,  such  as  the  thauniatrope  or  wonder-turner,  act  on  this  principle. 

When  the  eye,  particularly  after  a  period  of  repose,,  as  when  we  first 
Ocular  spectra  wako  in  the  moniiiig,  is  turned  to  the  window  or  sonic  bright 
roenS'ry''^-  ^'S^^»  ^^^  ^^^'^^  closcd,  a  spcctral  impression  is  for  a  long 
on.  time  presented  to  the  mind.     If,  instead  of  closing  the  eyes 

after  looking  at  a  bright  light,  they  arc  directed  to  some  white  isui-face,  a 
dai'k  spectral  appearance  of  the  luminous  object  is  seen.  The  explana- 
tion of  this  is  evidently  that  those  parts  of  the  retina  which  have  jusT 
uiidergone  change  are  less  fit  to  be  acted  upon  by  the  more  moderate 
l^ht  to  which  they  are  now  exposed  tlian  those  which  have  hitherto  been 
unaffected.  Under  similar  circumstances  arise  what  are  termed  comple- 
mentary colors.  Thua.  if  we  intently  regard  a.  red  wafer  on  which  the 
gun-rays  arc  brightly  shining,  and  then  turn  our  eyes  away  to  a  feebly 
illuminated  white  wall,  a  green  spectre  of  the  wafer  will  be  seen  ;  and  so 
of  other  colors.  The  eoraplementary  tint  is  that  color  which,  added  to 
the  original  one,  forms  wiiile  light.  The  explanation  of  these  colored 
spectra  depends  upon  the  principle  just  mentioned. 

There  liave  been  few  optical  problems  more  warmly  contested  than 

,  .       that  of  erect  vision.      The  imasc  at  the  bottom  of  the  eve  is 

Erect  vision,   ,  ,,  ii'-if-ii  i 

m^vertod,  but  we  sec  the  object  upright.     Some  have  supposed 

that  we  really  see  things  upside  down,  but  have  learned  to  correct  the 
error  by  the  sense  of  touclt.  Doubtless  the  true  explanation  is  to  be 
found  in  the  anatomical  construction  of  the  eye.  It  should  be  borne  in 
mind  that  there  is  a  very  wide  difference  between  the  image  formed  at 
the  bottom  of  an  eye  as  we  look  at  it,  and,  if  such  an  expression  may  bi.- 
used,  as  the  eye  itself  looks  at  it*  We  see  it  from  behind,  the  retina 
seea  it  from  the  front.  Or,  to  put  the  Htateraent  perhaps  more  clearly, 
it  is  one  thing  to  look  rit  the  images  on  the  ground  glass  of  a  camera  ob- 
scura  from  behind  the  instrument,  and  another  to  see  them,  as  it  wore. 
from  the  interior  of  the  box.  The  two  positions  arc  upon  the  opposite 
sides  of  a  vertical  axis,  round  which  we  may  consider  that  we  have  turn- 
ed, and  hence  the  lateral  inversion  is  corrected.  That  portion  of  the  im- 
age which,  seen  from  behind,  was  on  the  right  of  the  spectator,  is  on  his 
left  if  seen  in  front-  A  similar  event  must  ensue  in  the  case  of  the  ret- 
ina. As  we  have  seen,  it  is  its  posterior  face,  looking  at  the  black  pig- 
ment, which  is  its  sensitive  surface.     It  sees,  as  it  were,  looking  bnek- 
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wanl,  hut  not  forward,  and  heitce  there  arises  a  correction  for  i  ..„.]  i^„. 
ihe  kteral  inversion.  This,  of  course,  hnplies  the  e.xistiince  fiun  MrrL-cted 
of  some  structuTal  arrangement  which  ahall  either  correspond- 
ingly  correct  tlie  vertical  inversion,  or  bring  back  tlic  lateral  to  1(3  orig- 
inal {^iToiieous  state,  and  thereby  establish  a  harmony  of  position  in  the 
two  directions ;  and  if,  in  tlie  retina  itself,  tiie  meanB  exist  for  the  cor- 
rection of  inversion,  vertical  as  well  as  lateral*  hy  changing  tlie  direction 
of  the  conducting  tubules,  it  necessarily  must  be  that  that  p3acc  of  cor- 
rection 19  where  the  retina  is  intersected,  by  the  optical  axia  of  the  eye. 
I  think  it  is  to  be  greatly  regretted  that  wo  are  not  bet-  Su^rgpsiion  re- 
ter  ac(|uainted  with  the  construction  of  the  yellow  spot  of  y^^iyii'^ppt^of 
Soemmering,  which  occurs  at  this  very  point.  The  ridge-  ikemincring. 
like  fomi  it  presents,  tiic  tliin,  uncolored  spot  in  its  centre,  its  more  def- 
inite occurrence  in  those  auiniaU,  aa  man,  the  quadmniana,  and  some 
saurians,  the  axes  of  whose  eyes  are  nearly  parallel  to  one  another^  aeem 
to  indicate,  in  a  very  significant  manner,  tliat  at  this  place  the  correction 
in  question  is  made.  There  are  many  ways  in  whit:ii  we  may  conceive 
this  to  be  done  by  varying  t]ie  direcEion  of  tlie  nervous  tubulca.  As  an 
illustration,  it  may  be  remarked  that  if,  tlirough  a  small  hole  made  in  a 
sheet  of  paper,  a  number  of  threads,  the  end  of  each  of  \^hich  h  listen- 
ed to  the  back  of  the  sheets  be  caused  to  pass,  under  the  condition  that 
they  do  not  QToas  one  anotlier  in  the  hole,  but  leave  its  aperture  open, 
their  direction  in  apace  as  they  retire  from  the  hole  will  be  inverted  as 
respects  the  direction  in  which  they  approached  to  it.  The  analogy  be- 
tween such  an  aperture  and  the  foramen  of  Soemmering  is  too  striking  to 
be  overJoaked, 

The  stereoscope,  invented  by  Profegsor  Wheat$tone,  shows  to  what  an 
extent  our  ideas  of  the  solidity  of  objects  depend  on  the  dif-  „,. 
terences  ot  the  images  m  each  eye.  Jiy  reaaon  of  their  dir- 
fei-ence  of  position,  tvich  of  tlie  two  eyes  will  have  a  different  picture  upon 
its  black  pigment  of  any  solid  object,  and  tlic  mind,  combining  these  die- 
similar  pictures  into  one,  gathers  therefrom  the  idea  of  soUdity.  If  llius 
we  ofl'er  to  the  eyes  two  pictures  of  a  given  object,  presenting  the  same 
form  as  that  object  would  iiavc  done  when  seen  from  each  eye  respect- 
ively, the  mind  corabinea  tijese  flat  pictures  together,  and  can  not  divest 
itself  of  the  idea  of  a  solid  body.  Tins  is  the  principle  of  the  stereo- 
scope. It  is  shown  by  this  instrument  thftt,  wJicn  two  such  pictures  of 
different  ?ize3  are  used,  the  mind  combines  them  into  one  of  intermediate 
magnitude.  Probably  this  effect  ia  involved  in  the  circumstance  tliat, 
when  we  look  at  an  object  unequally  distant  from  liic  two  eyes,  we  still 
see  it  single.  Wiien  two  images  of  different  colors  are  employed,  the 
mind  can  not  combine  them,  but  sees  first  the  one  and  tiien  the  otlier, 
the  brightest  one  coutinuhig  the  longest. 
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The  eye  is  adjusf  ed  to  tte  varying  intensities  of  light  by  the  motions 
Ad'  atment  t»  °^  ^^^^  '"*''  ^'"'^'*  adniita  more  or  iewcr  rays  according-  to  its 
vBmtaoiisof  state  of  contraction,  an  action  which,  on  certain  occasions,  is 
ng  aess.  ai^Jgd  by  the  orbiciilaria  palpebrarum,  which,  by  bringing 
the  eyelids  together,  limits  the  number  of  rays  passing  to  the  pupil.  In 
man,  the  muscular  fibres  of  the  iris  arc  of  the  tinstriped  form ;  in  birds 
they  are  striped*  Our  jwrceptions  of  the  intensities  of  light,  as  gather- 
ed from  the  state  of  tlie  iris,  can  never  be  so  distinct  aa  the  indications 
for  aound  yielded  by  the  tensor  tympani  and  stapedius  nmsclea.  In 
birds,  however,  it  ia  probably  different.  We  gather,  to  a  grpat  extent, 
our  notion  of  tiie  brilliancy  of  light  from  the  rapidity  of  atmctural  cliange 
taking  place  in  the  retina  itself. 

Although  many  images  may  be  simultaneously  existing  upon  the  ret- 
ConMiiiratiiMi  '"^'  ^l^cmind  posaessos  thepowerof  singling  any  one  of  them 
ofatt(>?ition  oa  out  and  fastening  attention  upon  it,  just  as  among  a  number 
one  imnffs.  ^^  musical  instruments  simultaneously  played,  one,  and  that 
perhapa  the  iecblcst,  may  be  eclected,  and  its  notes  exclusively  followed. 
These  phenomena,  however,  are  not  dependent  upon  any  peculiarity  of 
construction  of  any  of  the  organs  of  sense ;  and  as  the  mind  can  perceive 
the  images  of  external  things,  so  can  it  give  rise  to  spectral  illusions 
which  may  simulate  perfectly  the  aspect  of  external  forms.  The  anec- 
dotes of  such  occuiTenccs  which  are  to  be  found  among  all  jx?ople  are  not 
the  fabrications  commonly  supposed.  The  nnnd  can  be  readily  deceived, 
even  in  spite  of  itself,  as  tlie  phenomena  of  the  stereoscope  prove;  and 
spectres,  having  their  origin  in  natural  or  diseased  conditiona  of  the  brain,^ 
may  accurately  replace  images  tbat  have  been  painted  in  the  eye.  It  is 
a  ..  . ,  .  said,  however,  that  we  may  readily  distinguiali,  by  means  of 
agcft,  nnii  teat  a  fiimplc  Optical  test,  a  true  external  apparition,  if  any  ex- 
for  tliem.  -^^^^  ^-.^^^^  ^  phanlom  of  diseased  imagination  i  for  by  press- 

ing duly  with  llie  Hnger  on  the  hall  of  one  of  the  eyes,  external  objects 
are  at  once  doubled,  but  it  ia  not  so  with  a  mental  iliusion  ;  and  we  may 
therefore  suspect  ttiat,  even  in  the  best  authenticated  cases  of  the  ap- 
pcarancea  of"  these  unnatural  forms,  had  this  test  been  applied,  their  true 
character  would  have  been  ascertained ;  and  that,  since  none  of  them 
would  liave  undergone  duplication,  they  would  at  once  have  been  detect- 
ed as  mere  hallucinations  of  the  mind. 

The  explanation  of  the  function  of  vision  which  I  Iiave  given  on  the 
preceding  pages  might  be  termed  the  calorific  hypothesis,  since  it  restfl 
eaaentially  on  the  fact  that  the  temperature  of  the  receiving  screen  of  the 
eye  is  raised  by  the  impinging  of  light  upon  it.  The  resuJt  thus  far  is  of 
a  purely  physical  nature,  but  it  becomes  physiological  when  we  farther 
admit  that  changes  of  constitution  ensue  in  the  vesicular  structure  of  the 
retina.  ,  These  changes  are  rendered  more  rapid  aa  tlie  temperature  in 
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highw.  It  renrnina  now  to  add  that  this  is  only  one  manner  of  looking 
at  the  tiling.  According  as  our  liypotheais  of  the  nature  ot"  H^IiIt  of  its 
relatioiis  to  heat,  and  of  its  manner  of  establishing  chemical  changes  may 
be,  the  ii|>ecial  explanations  we  give  of  the  funetiona  of  thy  eye  will  differ  : 
yet  llierc  is  audi  a  rclationi^htp  among  these  liypotlieses  that  TrmiKiation  of 
we  can,  without  any  difficulty,  convert  an  explanation  derived  ''^''  ralortiic 
from  one  into  an  cxphiimtion  derived  from  another.  It  re-  other  form b  of 
ally  comes  to  little  more  tiian  a  translation  of  pliraseology.  ox|)reij,LuD. 
I  have  ibund  the  ealorific  hypothesis  convenient,  because  we  are  led  to  it 
by  the  comparative  anatomy  of  the  eye  in  starting  from  the  ocelli  of  the 
lower  tbrma  ;  yet,  with  aimo.«t  e<pial  convenience,  the  function  niij^ht  have 
been  treated  otherwise,  viewing  light  as  arising  from  ethereal  undulations* 
the  additional  advantage  then  being  obtained  of  establishing  a  parallel- 
ism between  the  action  of  the  organ  of  sight  and  that  of  hearing.  Or, 
in  like  manner,  the  case  might  have  been  viewed  in  its  purely  chemical 
aspect,  photogtapiiically,  as  it  might  he  said,  the  destruction  of  the  vesic- 
ular structure  of  the  retina  through  the  agency  of  arterial  oxygen  being 
taken  as  the  primary  physical  act.  But  tliiis,  again*  amounts  only  to  a 
different  mode  of  Htating  the  same  effect,  since,  as  1  have  shown  (London 
and  Edinburgh  Philogophical  MagiiKine,  May,  IS.'jI),  all  ehemiejil  change.-^ 
accomplished  in  material  j^ubstances  are  occasioned  by  tiic  establishment 
of  vibratorj'  motions  therein,  and  Ampere  has  already  demonstrated  that 
all  the  phenomena  of  heat  may  be  explained  upon  the  doctrine  of  thcvi- 
hrutiona  of  the  constituent  molecules  of  bodies. 

Divesting  ourselves,  therefore,  of  any  farther  ooneom  in  making  a  se- 
lection among  the  various  lij^jiothcscs,  we  have  adopted  the  view  tliat  the 
change  of  the  retina  originates  in  a  calorific  disturbance,  because  it  ap- 
pears to  be  somewhat  more  convenient  for  our  use. 

It  is  to  be  understood  that  tlie  sensation  of  light  is,  liowever,  purely 
mentid,  and  wliatevcr  can  disturb  the  nutrition  or  waste  of  _. 
the  retiim  will  give  rise  to  luminous  ImpressiouB.  The  press-  Driiirin  purdj 
lire  of  the  finger  on  the  ball  of  the  eye,  a  blow,  the  passage  "'*'"^"  ■ 
of  an  electric  current,  and  divers  oliier  causes,  wiil  at  once  produce  the 
appearance  of  light,  and  even  of  colors.  Heat  is  only  one  out  of  a  mul- 
titude of  agents  that  can  disturb  the  retina. 

Z<L   Of  the  Acccsmry  ulpparaius  of  (he  Eye, 

The  accessory  apparatus  of  the  eye  consists  chiefly  of  the  eyebrows, 
the  eyelids,  the  Sleibomian  glands,  the  lachrymal  mechanism,  and  the 
mtiaclca  for  the  movement  of  the  ball. 

The  eyebi'ows  arc  two  arches  of  integument,  covered  with  hair,  on  the 
upper  edge  of  the  orbit.  They  are  usually  classed  with  the  rue  eyehrows 
appendages  of  the  eye  upon  the  supposition  that  they  protect  *"■*  "r^"^- 
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that  organ  from  undue  intensitj^  of  light,  or  preserve  it  from  the  ingress 
of  drops  of  sweat.  They  aid  greatly  in  the  expresBion  of  mental  emo- 
tions, but  perhaps  should  rather  be  looked  upon  as  among  the  remainin^r 
vestiges  of  the  hairy  tegument  which  affords  a  protection  to  the  entire 
akin  of  other  mammals  helow  man  m  the  animal  series.  The  eyelids 
may  be  described  as  a  pair  of  valves,  the  upper  one  having  a  much  great- 
er latitude  of  motion  thiin  the  lower.  Their  use  is  to  aflbrd  protection 
to  the  eye  by  eloshtg  entirely  over  it,  more  particularly  diuring  sleep;  to 
keep  its  optical  surface  moist  luid  free  from  dust  by  thctr  winking-  mo- 
tion. They  are  brought  into  action  by  the  contact  of  air  or  of  irritating 
particlea,  through  the  tihres  of  the  fifth  and  facial  nen'es,  or  by  the  agency 
of  light  upon  the  retina.  The  edges  of  the  lidg  are  furnished  with  rows 
of  cun'ed  iiairs,  the  eyelashes,  which  add  greatly  to  the  protection  of  the 
delicate  organ  beneath,  while  permitting  vision  to  take  j)]ace  to  a  certain 
extent.  Opening  upon  the  edges  of  the  eyelids  a.re  the  foramina  of  the 
Meibomian  glands,  in  the  upper  lid  there  being  about  tljirty,  in  llie  low- 
er somewhat  fewer.  The  glands  tliemselves  are  imbedded  on  the  in- 
ternal surface  of  the  cartilage  of  the  lids,  and  alford  an  oily  secretion, 
which  discharges  the  double  duty  of  preventing  adhesion  of  the  lids,  and, 
by  its  rehilion  of  capillary  attraction,  hindering  the  overflow  of  the  water 
which  moistens  the  eye  upon  the  cheek. 

Of  the  laclirymal  appjiratus,  it  may  be  said  that  in  the  same  manner 
'iTifr  lachrymal  t^^^*  "^'^  brcatlic  upon  a  spectacle  glass  and  wipe  it  that  its 
appflrwus,  surface  may  be  perfectly  clean,  so  it  ia  necessary'  far  the  op- 
tical action  of  the  cornea  that  its  surface  should  be  constantly  washed, 
and  even  more  so,  for  it.^  lamcllatcd  structure  is  such  that,  if  it  be  not 
kept  constantly  damp,  it  loses  much  of  its  transparency'.  This  therefore 
renders  it  necessary  tiiat  there  should  be  a  mechanism  for  tlie  supply  of 
water,  another  for  spreading  tliat  water  uniformly  over  the  surface  of  the 
cornea,  and  a  waste-pipe  for  carrying  any  surplus  away.  Tiic  lachrymal 
gland  discharges  the  firtt  of  these  duties.  It  ia  situated  in  the  upper 
and  outer  angle  of  the  orbit ;  its  secretion^  which  is  a  bitter  and  eome- 
what  saline  water,  is  brought  to  (he  surface  of  the  conjuncli\a  by  eight  or 
ten  little  ducts  ajrranged  in  a  row  for  the  purj}ose  of  equalizing  their  dis- 
charge. The  spreading  of  this  fluid  over  the  eye,  and  the  simultaneous 
wiping  of  the  surface,  is  accomplished  hy  the  eyelids,  llsnally  the  wa- 
ter that  has  been  employed  is  dissipated  by  evaporation  into  the  air;  but 
if,  by  reason  of  meteorological  circumslances.  such  as  the  dampness  of 
the  atmosphere,  or  hy  t]ie  supply  being  too  abundant,  there  sliouhl  ariae 
an  excess*  it  is  carried  off  through  two  minute  orifices  which  arc  upon  the 
edge  of  the  eyelid;^,  the  pnncta  lachrymalia.  These  draw  off  any  colleclion 
of  water  t)iat  may  have  accumulated  in  the  lachr>nnHl  lake,  and»  carrying 
it  into  the  lachrymal  sac,  discharge  it  through  the  nasal  duct  into  the 
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cavity  of  the  nose.  From  this  it  ia  removed  bj  evaporation,  the  current 
of  air  alteraatelj  introduced  and  expired  affording  the  means  of  accom- 
pliaHing  tiiat  object  in  a  remarkable  manner.  But  should  the  discharge 
of  water  from  the  lachrymal  gland  become  exce&aive,  as  in  weeping,  this 
draining  raeclianiam  is  insufficient,  and  the  Tfater  is  discharged  aa  tears 
down  the  cheek. 

Of  the  TOUscles  for  the  movfiment  of  the  eye,  the  description  has,  in 
part,  been  given  under  that  of  the  nerves.  It  may,  how-  Motions  or  the 
ever,  be  here  remarked  that  the  eyeball  ia  moved  by  six  vi^U- 
muscles,  the  tour  etraight  and  the  two  oblique.  The  straight  muscles 
anRQ  at  the  optic  foramen,  and  are  inserted  into  the  Bclerotic  in  the  four 
quadrantal  positiona  above,  below,  right,  and  left.  The  action  of  each 
of  these  muscles  is  to  turn  the  eyeball  toward  itself;  when  they  contract 
all  together,  they  fix  it.  The  superior  oblique  muscle  arises  from  the 
Same  place,  passes  through  &  pulley  beneath  the  internal  angular  proceaf: 
of  the  frontal  bone,  its  tendon  being  inserted  into  the  sclerotic  near  to 
the  entrance  of  the  optic  nerve.  Tlie  inferior  oblique  naca  from  the  in- 
ner margin  of  the  superior  maxillary  bone,  passes  beneath  the  inferior 
straight  muscle,  and  is  inserted  into  the  eclcrotic  on  ita  outer  and  pos- 
terior part,  near  the  entrance  of  the  optic  nerve.  The  superior  oblique 
rolls  the  globe  inward  and  forward,  the  inferior  rolls  it  outward  and  back- 
ward ;  acting  together,  they  draw  the  globe  forward  and  converge  the 
axes  of  the  eyes.  The  nervous  supply  for  these  various  muscles  hag  al- 
ready been  specified  in  page  334. 


CHAPTER  XXI. 

OF  CEREBRAL  STGHT  OR  INVERSE  VTSIOTI. 

DiffeftRft  btticegs  ordinary  Vwon  lOid  ctrefiral  Su/fiL — Inverst  Viaion  d/^entb  m  the  V«*tigts 

uf  Impre»moaa  esiatinif  in  the  lirititi. 
Caadfiion  nf  otir  fiCrrtii'tnij  thrst  ImjireggioHs  is  that  thejj  rmul  br*-  equnl  In  fiiteftiitff  io  jiitifnl 

SensatiauK, —  T^ro  MfthotLt  nf  fircffntjiliihioff  thii  ^tjfialhdti'^ :  Isf,  hy  re~eri/brnii<f  the  oid  tnt' 

prettitms}   2d,  ty  diminishintj  thr  jiTMrnt  Sensations, 
Emergence  of  oJd  fmprtiiaaji.t.  in  .SUi!i>\  /■'ei'cr,  £>catti.—Art\/ifial  Bjinrgettet  of  mch  Vittiget  i>g 

froloxidi  of  Nitrogai,  Ojtiitiri,  tlv. 
Cerebral  Sight  nsed  tdeoto^wail^  to  indieale  iM  IiainoriQ&tif  of  the  Soal* 

The  perception  of  external  objects  depends  on  the  raya  of  light  enter- 
ing the  eye,  and  converging  so  as  to  produce  images  which  make  an  im- 
pression on  the  retina,  and,  through  the  optic  nerve,  are  recognized  by 
the  brain.  The  direction  of  the  influences,  so  far  as  the  observer  ia  con- 
cerned, ia  from  without  to  within,  from  the  object  to  the  brain. 

Cc 
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But  the  inverse  of  ihxB  Ib  possible.  Impressions  already  existing  in 
the  brain  may  take,  aa  it  were,  an  outward  direction,  and  be  projected 
or  localized  among  external  forms ;  or  if  tiie  eyes  be  closed,  or  the  ob- 
setrer  is  in  darkness,  tbey  will  fill  up  the  empty  space  before  him  with 
scenery  of  their  own. 

Inverse  vision  depends  primarily  on  the  condition  that  former  irnpres- 
Biong,  "which  are  inclosed  in  the  optic  thalanii  or  registering  ganglia  at 
the  base  of  the  bmin,  aBSume  such  a  degree  of  relative  intensity  that 
they  can  arrest  the  attention  of  the  mind.  The  moment  that  an  equal- 
ity is  established  between  the  intensity  of  these  vestigea  and  senaations 
contemporaneously  received  from  the  outer  world,  or  that  tlie  latter  arc 
wholly  extinguished,  as  in  sleep,  inverse  vision  occura,  presenting  itself, 
as  the  conditions  may  vary,  under  different  forms,  apparitions,  visions, 
dreams. 

From  the  moral  effect  to  which  these  give  rise,  W6  are  very  liable  to 
regard  them  as  connected  Mrith  the  istipcrnatural.  In  truth,  however, 
they  are  the  natural  result  of  the  action  of  the  nervous  mechanism,  which 
of  necessity  produces  them  whenever  it  is  placed,  either  by  normal,  or 
morbid,  or  artiHcial  eauaea,  in  the  proper  condition.  It  can  act  either  di- 
rectly, as  in  ordinary  vision,  or  inverselyt  as  in  cerebral  sight,  and  in  this 
respect  resembles  those  instruments  whicli  equally  yield  a  musical  note 
whether  the  air  is  blown  through  tlieni  or  drawn  in. 

The  hours  of  sleep  constantly  present  U9,  in  a  state  of  perfect  hisalth, 
DidTerencc  be.  illusions  which  Appear  to  address  themselves  to  the  eye  rath- 
Ind™i^3n^'^u  cr  thflu  to  any  other  senscj  and  these  commonly  combine  into 
liiHiona.  moving  and  acting  sceneries,  a  dream  being  truly  a  drama 

of  the  night.  In  certain  states,  appearances  of  a  like  nature  intrude 
themselves  before  us  even  in  the  open  day,  but  these,  being  corrected  by 
the  realities  with  which  they  are  surrounded,  impress  us  very  differently 
to  the  phantoms  of  our  sleep.  The  want  of  unison  between  such  im- 
ages and  the  things  among  which  they  have  intruded  themselves,  the 
anachronism  of  their  advent,  or  other  obvious  incongruities,  restrain  the 
mind  from  dcHvering  itself  up  to  that  absolute  belief  in  their  reality 
which  BO  completely  poaaeases  us  in  our  dreams.  Yet,  nevertheless, 
such  ia  the  constitution  of  man,  the  bravest  and  the  iivisest  encounter 
these  fictions  of  their  own  organization  with  awe. 

If  we  measare  the  importance  of  events  occurring  to  us  by  their  fre- 
Preqcjcncy  of  l*!^"*^?'  ^^e  depth  of  the  impression  they  make,  the  influ- 
mentaiiiiiiud-  encc  they  exert  on  our  own  individual  career,  or  have  cx- 
utioDs.  erted  on  the  progress  of  the  whole  human  race,  there  are 

very  few  more  deserving  the  discussions  of  physiology  than  visual  hal- 
lucinations. With  respect  to  frequency,  it  may  be  reasonablj'"  said  that, 
if  images  arise  in  the  mind  by  night  aa  niunerously  as  sensible  forma 
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present  themaelvea  by  day,  it  is  not  likely  that  they  should  be  better 
borne  in  memory ;  but  of  the  thouaanda  of  objects  we  encounter  every 
day  of  our  lives,  how  few  there  are  that  we  can  distinctly  recollect  at  ita 
close.  AVe  think  we  explain  this  wonderiul  forgetfulnesB  by  saying  we 
have  paid  no  attention  to  them  5  and*  in  like  manner,  the  dreams  we  re- 
mernber  arc  perhaps  only  a  very  insignificant  proportion  of  tikoae  which 
have  been  presented  to  the  mind* 

It  has  been  said  that  a  belief  in  apparitions  is  natural  to  evenr  man. 
However  much  we  may  diasent  from  the  correctneaa  of  auch  a  Thcrr  moral 
general  assertion,  there  can  be  no  doubt  that  it  lias  a  foimda-  ^'^^"^*- 
tion  in  truth.  The  faith  of  a  cliUd  in  Ibis  particular  ia  only  gradually 
sapped  as  he  grows  up  to  be  a  man.  Nay,  even  in  mature  life  tliere  may 
always  be  Tound  those  wJxo  have  an  unwavering  confidence  in  tJie  reality 
of  these  illusions,  and  many  of  these  are  persons  eharacterized  by  their 
moral  courage  and  love  of  truth.  I  have  just  remarked  that  few  things 
have  exerted  a  greater  influence  on  the  career  of  the  human  race  than  a 
firm  bcLcf  in  these  spiritual  visitations.  The  visions  of  the  Arabian 
prophet  have  ended  in  tincturing  the  daily  life  of  half  the  people  of  Asia 
and  jVfriea  for  a  thousand  yearfl,  A  spectre  that  came  into  the  camp  at 
Sardis  unnerved  the  iicart  of  Bnitua,  and  thereby  put  an  end  to  the  po- 
htical  system  that  hod  made  the  great  republic  the  arbiter  of  the  world. 
Another,  that  appeared  to  Constantine,  strengthened  his  hand  to  the  ac- 
complishment of  that  most  difiicult  of  all  tb»  tasks  of  a  statesman,  the 
destruction  of  an  ancient  foitli. 

But  these  were  all  impostures,  it  may  be  said.  Not  ho  ;  they  were 
no  imj)08turea  of  the  persons  to  whom  tliey  are  reported  to  Iiave  occujred, 
and  wlio  aaaurediy  firmly  beUeved  in  the  real  existcuoe  of  what  they 
thought  they  saw-  To  the  two  or  three  instances  mentioned  above, 
scores  of  a  like  kind  might  be  added,  which  have  iaaued  in.  the  commit- 
ting of  men  to  the  moat  earnest  kind  of  work.  So  often  do  IiistorianB 
notice  an  element  of  this  kind  mingling  in  the  career  of  those  who  have 
made  the  dcepeat  mark  on  our  race,  that  some  are  to  be  found  who  as- 
sert the  necessity  of  such  a  condition  to  any  widespread  and  j>erraanent 
political  event.  Whatever  we  may  think  of  such  a  conclusion,  the  prem- 
ises on  which  it  is  founded  are  well  worthy  of  our  consideration.  The 
phyeiologiat  is  not  at  Uberty  to  deny  that  lunatic  and  dellrioua  men  have 
faith  in  what  they  see.  Their  senses  may  deceive  them,  but  they  are 
not  impostors.  It  is  for  him  to  consider  how  phantoms  may  arise  in 
conditions  of  apparent  health  as  well  as  in  states  of  disease ;  in  the  tran- 
quillity of  the  Bolitary  man  as  well  as  in  the  feverish  excitement  of  the 
enthusiast. 

Visual  iiallucinations  are  of  two  kinds,  those  which  are  seen  when  the 
eyes  are  open^  and  those  perceived  when  they  are  closed*     To  the  foi^ 
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Apparitiona  ^^Tt  the  designation  of  apparitions ;  to  tlie  latter,  that  of  via- 
ukd  vwions.  £Qua  may  be  given.  Dxeama  tlierefore  come  under  the  latter 
claas. 

The  siinpleat  form  of  apparition  is  that  known  among  physicians  as 
MuscE  voli-  muscje  volitante3.  These  arc  dark  specks,  Kke  flies,  which 
*"'^^-  seem  to  be  floating  in  a  devious  course  in  the  air.     They  are 

owing  to  disturbances  or  changes  in  the  retina.  They  often  apjrear  to 
occupy  the  dying. 

Of  visions  the  most  coramon,  because  they  can  be  voluntarily  pro- 
Eemalna  of  op.  duced,  are  those  which  depend  on  the  remains  of  impressions 
tic  uDpresBioas.  jj,  ^}^Q  jctina  and  optic  centres.  If,  when  we  awake  in  the 
morning,  our  eyea  are  turned  for  a.  moment  to  a  window  or  other  bright 
object,  and  then  closed,  there  still  appears  to  the  mind  a  spectral  repre- 
Bcntation  of  the  object,  which  gradually  fades  away.  These  illusions  can 
be  caused  to  have,  aa  it  were,  a  movement  in  the  dark  space  before  us, 
answering  to  the  voluntary  rotation  of  the  eyeball.  Sometimes,  when 
the  light  is  not  sufficiently  intense,  or  the  nervous  organs  not  sensitive 
enough,  the  vision  does  not  make  its  appearance  on  the  closing  of  the 
eyelids,  but,  after  fastening  the  attention  on  the  position  in  which  it  is  ex- 
_  ,  .  pected  to  come,  it  slowly  emerges  at  last.  That  it  consists 
(ions  (md  vis-  in  a  real  impression  which  has  been  made  on  those  Organs, 
""*"  and  is  not  a  mere  product  of  the  unaided  imagination,  is  very 

clear  from  the  fact  that  we  may  discern,  by  attentively  considering  it, 
many  little  peculiarities  whieh  we  have  not  had  time  to  notice  in  the 
original  object ;  thus,  if  there  has  been  a  lace  curtain,  or  other  such  well- 
marked  body  before  us,  wc  can  not  only  see  in  the  viaion  the  places 
where  its  folds  intersect  tlie  windows,  but  likewise,  if  the  impression  be 
a  good  one,  all  the  peculiarities  of  its  figured  pattern ;  and  that  our 
conclusions  in  these  respects  arc  correct  is  proved  as  soon  as  we  rc-open 
our  eyes. 

Between  apparitiona  and  visions  is  an  intermediate  class,  of  which  it 
is  not  ray  object  now  to  say  much;  they  may,  however,  be 
styled  deceptions.  These  take  their  origin  in  some  outward 
exiating  reality,  and  are  exaggerations  of  the  fancy.  They  are  commonly 
encountered  in  the  evening  twilight,  or  in  places  feebly  illuminated.  Sir 
W.  Scott  says  of  children  that  lying  is  natural  to  them,  and  that  to  tell 
the  truth  ia  an  acquired  habit.  If  they  are  thus  by  nature  prone  to  de- 
ceive those  around  them,  they  are  none  the  less  prone  to  deceive  them- 
selves. To  them,  a  white  object,  faintly  descried  in  the  obscurity,  ia 
easily  expanded  into  a  moving  and  supernatural  thing. 

In  a  physiological  sense  I  consider  that  simple  apparitions  arise  from 
distnrbanccs  or  disease  of  the  rerina ;  visions  from  the  traces  of  im- 
pressions inclosed  at  a  former  time  in  the  corpora  quadrigemina  and  op- 
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tic  tlialami.  In  tiieir  most  highly-marked  state  the  former  may  be 
treated  of  as  results  of  insanity  of  the  retina,  the  latter  as  of  cerebral 
vision. 

Disturbance  of  the  retina^  brought  on  by  any  cause  whatever,  may  give 
rise  to  simple  spectral  apparitions,  which,  as  the  circumstances 
change,  will  have  an  indefinite  contour  or  a  detinite  form  ;  nor  frum  retinal 
are  they  merely  shades  and  ehadows :  they  may  be  presented  '''''^""■tan.cc 
in  colors,  which,  however,  arc  usually  dim  or  subdued.  Thus,  if,  the  eye- 
lids being  closed,  we  press  gently  with  the  tip  of  the  finger  on  the  inner 
or  outer  angle  of  one  of  the  eyes,  a  gray  spot  surrounded  by  colors  makcB 
its  appearance  on  tlie  opposite  side  of  the  same  eye,  and  dances  about  as 
the  pressure  of  the  finger  varies.  With  a  more  extensive  and  heavier 
pressure  clouds  of  various  rainbow  tints  fill  up  all  the  imaginary  space 
before  us.  In  like  manner,  the  passage  of  an  electric  current  from  a  vol- 
taic pair  induces  a  flnsh  of  light  of  conaiderable  brilliancy.  Internal 
pressures  and  spontaneous  variations  in  the  rate  of  metamorphosis  and 
nutrition  of  the  retina  act  in  a  manner  analogous  to  external  disturbances. 

From  the  muscss  volitantes,  which  may  be  regarded  aa  the  first  rudi- 
ments of  apparitions,  it  is  but  a  step  to  the  intercalation  of  simple  or  even 
grotesque  images  among  the  real  objects  at  which  we  arc  looking;  and, 
indeed,  this  is  the  manner  in  which  they  always  offer  themselves,  as  rest- 
ing or  moving  among  the  actually  existing  things.  I  do  not  undertake 
to  Bay  how  far  we  are  liable  to  practice  deception  upon  ourselves,  after 
the  manner  we  have  spoken  of  in  children,  when  we  have  once  detected 
the  fact  that  we  arc  liable  to  this  mfirmity.  An  inanimate  object — for  in- 
stance, a  stick— is  seen  upon  the  floor;  we  go  to  take  it  up;  we  find  there 
is  nothing  there ;  we  return  to  our  first  position,  but  we  can  observe  no 
shadow  or  other  reality  that  can  be  offered  as  an  explanation  of  what  we 
have  seen.  An  event  of  this  kind  predisposes  us,  perliapa,  to  return  to 
that  disposition  of  exaggeration  so  natural  to  our  early  lite,  and  the  next 
time  the  retina  deceives  us  we  involuntarily  give  to  the  hallucination  mo- 
tion and  a  more  definite  form. 

Insects  flying  in  the  air,  or,  ratlier,  floating  in  vacancy  before  ua,  pre- 
sent the  incipient  form  of  retinal  malady.  It  may  be  provoked  by  un- 
due use  of  the  eyes,  as  reading  by  lamp-light.  1  remark  it  constantly, 
in  my  own  case,  after  prolonged  use  of  the  microscope.  In  a  more  ag- 
gravated  form,  it  less  frequently  occurs  as  producing  stars  or  sparks  of 
light.  From  the  earliest  times,  physicians  have  observed  that  it  is  a 
"bad  sign"  when  the  patient  localizes  these  images.  "  If  the  sick  man 
says  there  be  little  holes  in  the  curtains,  or  black  spots  on  his  bed- 
clothes, then  is  it  plain  that  his  end  is  at  hand.^' 

Under  the  title  of  pseudoblepsis,  or  false  vision,  medical  authors  enu- 
merate several  varieties  of  the  foregoing  phenomena ;  but  when,  an  is 


406  EALLUCINATIONS  OCCASIONED   BY   DEUGS. 

Co-existcnca  most  coHimonly  the  case,  the  derangement  which  gives  origin 
ef  retinal  iir^  ^^  these  appearances  is  not  limited  to  the  retina,  but,  arising 
ebrii  sight.  in  some  constitutional  affection,  itivolves  more  or  lcs3  cotn- 
pletely  the  entire  nervoua  apparatus  of  the  eye,  retinal  insanity  and  cerebral 
vision  occur  together.  In  those  cases  which  have  been  investigated  in 
a  philosophical  manner  by  the  patients  themselves,  this  complication  is 
often  distinctly  recognized.  Thus  NicoLai,  the  Pruaaian  bookseller,  who 
published  in  the  Memoirs  of  the  Eoyal  Academy  of  Berlin  an  interesting 
account  of  his  own  sufferings,  states  that,  of  the  apparitions  of  men  and 
women  with  which  he  was  troubled,  there  were  eome  which  disappeared 
on  shutting  the  eyes,  but  some  did  not.  In  such  a  case  there  can  be  no 
doubt  that  the  disease  affected  the  corpora  qaadrigemina  and  the  optic 
thalami  as  well  as  the  retina. 

Thia  condition,  in  which  the  receiving  centres  and  registering  ganglia 
at  the  base  of  the  brain  are  engaged,  is  the  one  which  yields  the  most 
striking  instances  of  hallucinations  in  which  apparitions  and  visions  co- 
Brquptt  on  ar-  exIst.  It  can,  like  the  less  complicated  forms,  be  Lronght 
lificinlly  by  si-  artificially"*  as  in  the  delirium  tremens  which  follows  a 
4e.  cessation  from  the  customary  use  of  alcohol,  or  in  tlie  exalt- 

ation by  the  purposed  administration  of  opium  or  other  drugs.  In  tliis, 
as  in  those  forms,  it  is  the  localization  of  the  phantom  among  the  hodii^ 
and  things  around  us  that  begins  to  give  power  to  the  illusion.  The 
form  of  a  cloud  no  bigger  than  the  hand  is  perhaps  first  seen  floating 
over  the  carpet,  but  this,  as  the  eye  follows  it,  takes  on  a  sharp  contour 
and  definite  shape,  and  the  sufFerer  sees  with  dismay  a  moping  raven  on 
some  of  the  more  distant  articles  of  furniture.  Or,  out  of  an  indistinct 
cloud,  faces,  sometimes  of  surprising  loveliness,  emerge,  one  face  succeed- 
ing as  another  diea  away.  The  mind,  ever  ready  to  practice  imixpstuie 
upon  itself,  will  at  last  accompany  the  illusion  with  grotesque  or  even 
dreadful  inventions.  A  sarcophagus,  painted  after  the  manner  of  the 
Egyptians,  distresses  the  visionary  with  the  rolling  of  its  eyes.  Martin 
Luther  thus  more  tlnan  once  saw  the  devil  under  the  well-known  form 
popularly  assigned  to  him  in  tlie  Middle  Ages. 

As  the  nervoufl  centres  have  been  more  profoundly  involved,  these 
TiJLOMftffjilM  visions  become  more  irapressive.  Instead  of  a  solitary 
oroxageeraied  phautom  intruding  itself  among  recognized  realities,  as  the 
'*™"^'  shade  of  a  deceased  friend  opens  the  door  and  noiselessly 

steps  in^  the  complicated  scenes  of  a  true  drama  are  displayed.  The 
brain  becomes,  as  it  were,  a  theatre.  According  as  the  travel  or  the 
reading  of  the  sick  man  may  have  been,  the  illusion  takes  a  style :  black 
vistas  of  Oriental  aTchitectnre>  that  stretch  away  into  infinite  night;  tem- 
ples, and  fanes,  and  tiie  battlemenlcd  walls  of  cities ;  colossal  Pharaohs. 
Bitting  in  everlasting  silence,  with  their  hands  upon  their  knees.     *'] 
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saw, "  Sifiys  De  Quincey,  in  hia  Gonfessiona  of  an  Opium-eater,  "  aa  I  lay 
awake  in  bed,  vast  proceaaiona,  that  paaaed  along  in  inournfiil  pomp ; 
friezes  of  never-ending  stories,  that  to  my  feelings  were  as  sad  and  sol- 
emn as  if  they  were  stories  draivn  from  times  before  CEdipna  or  Priam, 
before  Tyre,  tiefore  Meinphig ;  and,  at  the  eame  tiniEi  a  corresponding 
change  took  place  in  ray  dreams;  a  theatre  seemed  suddenly  opened 
and  lighted  up  within  my  brain,  which  presented  nightly  spectacles  of 
more  than  earthly  Bplendor." 

Apparitions  are  the  resnlt  of  a  false  interpretation  of  itnpreaaiona  coa- 
temporaneously  made  on  the  retina ;  visions  are  a  presentment  of  the 
relics  of  old  ones  wluch  yet  remain  in  the  registering  ganglia  of  the 
brain.  We  convince  ourselves  of  the  truth  of  this  general  assertion  not 
30  well  from  an  examination  of  one  or  more  well-related  or  authenticated 
cases  as  from  what  may  be  termed  the  natural  htalory  of  ghosts.  The 
Greeks  and  Eomana  of  antiquity  were  just  aa  much  liable  to  s&ruiar  v&rii- 
disorders  of  the  nervous  system  as  we  are,  but  to  them  su-  ^'"'*  "•  *  •«  **- 

•f  |)ti:t  aba  COS-- 

pernatural  appearaneea  came  under  mythologic  forma,  Venus,  tume  of  spirita. 
and  Mara,  and  Minerva.  The  places  of  these  were  taken  in  the  dreams 
of  the  ascetics  of  the  Middle  Ages  by  phantoms  of  the  Virgin  and  of  the 
saints.  At  a  still  later  time,  in  Northern  Europe,  and  even  in  England, 
where  the  old  pagan  superstitions  are  scarcely  yet  rooted  out  of  the  vul- 
gar raind,  even  though  the  lieformatton  has  broken  the  system  of  eccleai' 
mtical  thought,  fairies,  and  brownies,  and  Robin  Goodfellow  survive. 
The  form  of  pliantomg  has  changed  with  change  of  the  creeds  of  commu- 
nities, and  we  may  therefore,  with  good  Reginald  Scot,  inquire,  *'  If  the 
apparitions  which  have  been  seen  by  true  men  and  brave  men  in  all  ages 
of  the  world  were  real  existences,  what  has  become  of  the  swarms  of 
ihem  in  these  latter  times  ?" 

One  class  of  apparitions — perhaps  it  was  the  first  to  exist,  as  it  is  the 
last  to  remain — has  survived  all  these  changes — survived  them  because 
it  is  connected  with  a  thing  that  never  varies^ — the  affection  of  the  hu- 
man heart.  To  the  people  of  every  age  the  images  of  their  dead  have 
ap|>eared.  They  are  not  infrequent  even  in  our  own  times.  It  would 
be  an  uu^acious  task  to  enter  on  an  examination  of  the  best  authenti- 
cated of  such  anecdotes.  Inquiries  of  this  kind  can  scarcely  be  freed 
from  the  liability  to  an  imputation  oti  personal  veracity,  perceptive  pow- 
er, or  iporal  courage ;  and,  after  all,  it  is  not  necessary  to  entangle  our- 
selvea  with  these  causes  of  olFense.  It  13  enough  for  us  to  perceive  that 
even  here  incongruities  may  be  pointed  out.  The  Roman  saw  tlie  shade 
of  Ilia  friend  clothed  in  the  well-known  toga ;  the  European  sees  hie  in 
.  our  own  grotesque  garb.  The  spirit  of  Mnnpertuia,  which  stood  by  the 
bay  window  of  the  library  at  Berlin,  had  on  knee-breeches,  silk  stock- 
ings, and  shoes  with  large  silver  buckles.     To  tlie  philosopher  it  may 
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perhaps  occur  tliat  it  is  very  doubtful  if,  among  tlie  awful  Bolcmnitiea  of 
the  other  world,  the  faaMona  ever  vary*  Let  ua  pause  before  we  car^ 
the  vanities  of  life  beyond  the  grave. 

From  fiucli  reflectioiiB  as  the  preceding,  I  think  it  may  therefore  be 
concludetl  tliat  there  are  two  sources  from  which  spectral  appearances  are 
derived:  1st.  Distuibance  of  the  retina,  which  prcseats  masses  of  light 
and  shade  or  colors  to  the  mind,  and  these  are  worked  by  the  fancy  into 
definite  forms  on  the  same  principle  that  we  figure  to  our&elves  pictures 
of  faces  among  gloinng  embers.  Tbia  constitutes  retinal  insanity.  2d. 
Gradual  emergence  from  the  regiatering  ganglia  of  the  brain  of  old  im- 
pressions, which  are  rendered  as  intense  and  distinct  as  confemporaneoas 
sensations.  The  two  forms  may,  however,  coexist.  Of  the  latter,  I  may 
observe  that  the  views  of  Dr.  Hibbert,  in  bis  work  on  Apparitions,  appear 
to  mie  to  approach  nearer  to  the  truth  than  those  of  any  other  author.  It 
will  be  perceived^  however,  after  perusing  his  interesting  book»  that  I  have 
not  laid  the  stress  he  has  done  on  the' mechanical  influence  of  the  circu- 
lation of  the  blood,  but  view  the  effect  aa  of  a  more  purely  ncrvouia  kind. 

As  the  emergence  of  old  images  which  have  been  registered  in  the  op- 
tic thalami  ja  not  only  connected  with  the  physiologic^  explanations  we 
liave  given  of  the  functions  of  the  brain,  but  also  occurs  under  circum- 
stances of  such  singularity  as  to  border  upon  the  supernatural,  we  may 
pursue  the  consideration  of  it  a  little  farther.  It  may,  I  think,  be  broad- 
iHsniKtraUn-  ^^  asscrtcd  that  all  Bpcctral  appearances  refer  to  things  that 
i»earane«»rcfipr  are  past,  persons  who  are  dead,  events  which  have  taken 
lopMA  even  ,  pjjj^j^^  Bccnes  tliat  we  have  visited ;  or,  if  we  have  not  seen 
the  actual  reality,  then  pictures,  statues,  or  other  such  representations 
thereof.  It  has  never  yet  occurred  that  any  one  has  seen  a  phantom  the 
indications  of  the  bodily  presence  or  representation  of  which,  until  that 
moment,  he  had  never  known.  Thus,  in  tlic  Middle  Ages,  the  spectres 
of  African  negroes  were  common  enough,  but  no  man  ever  witnessed  one 
of  an  American  Indian,  yet  these,  in  their  turn,  prevailed  after  the  voy- 
age of  Columbus.  They  were  no  strangers  to  the  early  colonial  settlers. 
The  same  may  be  said  of  all  kinds  of  inanimate  objects. 

As  illustrating  the   manner  in  which  impressions   of  the  post  may 

emerge  from  the  registering  ganglia,  1  shall  heie  tiirnish  an 

ibe  eraergenco  instance  which  borders  closely  upon  the  supernatural,  and 

"iora  iiit"o"irep-  ^^"'^^7  represents  the  most  marvelous  of  these  psychological 

Btition  of  phenomena.     It  occurred  to  a  physician,  who  related  it  in 

*™*'  my  hearing  to  a  circle  whose  conversation  had  turned  on  the 

subject  of  personal  fear.  "  What  you  are  saying,"  he  remarked,  '*  may 
be  very  true,  but  I  can  assure  you  that  the  sentiment  of  fear,  in  its  ut- 
most degree,  is  much  less  common  than  you  suppose ;  and,  though  you 
may  be  surprised  to  hear  me  say  it,  I  know  from  personal  experience  that 
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tluB  is  certainly  ao.  Wlien  I  was  five  or  six  years  old,  I  dreamed  that  I 
was  passing  by  a  large  pond  of  w'ater  in  a  very  BoHtary  place.  On  the 
opposite  side  of  it  tliere  stood  a  great  trec^  that  Looked  aa  Lf  it  had  heen 
struck  hy  liglitiiing ;  and  in  tlie  pond,  at  another  part,  an  old  falien  truiikj 
on  one  of  the  prone  limbs  of  wliicli  tliere  was  a  turtle  sunning  himself. 
On  a.  sudden  a  wind  aroge,  wliich  forced  me  into  the  pond,  and  in  my  dy- 
ing struggles  to  extricate  myself  from  its  green  and  slimy  waters,  1  awoke, 
trembling  witli  terror. 

■'About  eight  years  subsequently,  while  recovering  from  a  nearly  fatal 
attack  of  scarlet  fever,  this  dream  presented  itself  to  me,  identical  in  all 
respectSt  again.  Even  up  to  tliia  time  I  do  not  think  I  had  ever  seen 
a  living  tortoise  or  turtle,  but  I  indistinctly  remembered  there  was  the 
picture  of  one  in  tiie  first  spelling-book  that  had  been  given  me.  Per- 
haps, on  account  of  rny  critical  condition,  tliis  second  dream  impressed  me 
more  dreadfully  than  the  first. 

"  A  dozen  years  more  elapsed.  I  had  become  a  physician,  and  was 
now  actively  pursuing  my  professional  duties  in  one  of  the  Southern 
states.  It  so  fell  out  that  one  July  aJ'temoon  I  bad  to  take  a  long  and 
wearisome  ride  on  horseback.  It  was  Sunday,  and  extremely  hot  *,  tlie 
path  was  solitary,  and  not  a  house  for  miles.  The  foreet  had  that  in- 
tense silence  which  is  bo  characteristic  of  this  part  of  tlie  day;  all  the 
wild  animals  and  birds  seemed  to  have  gone  to  their  Tetieats,  to  be  rid  of 
the  iieat  of  the  sun.  Suddenly,  at  one  point  of  the  road  I  came  upon  a 
great  stagnant  water-pool,  and,  casting  my  eyes  across  it,  there  stood  a 
pine-tree  blasted  by  lightning,  and  on  a  log  that  was  nearly  even  with 
tiie  surface,  a  turtle  was  basking  in  the  sun.  The  dream  of  my  infancy 
was  upon  me ;  the  bridle  fell  t'lom  my  hands ;  an  unutterable  fear  over- 
shadowed me  as  I  slunk  away  from  the  accursed  place. 

**  Though  business  occasionally  afterward  would  have  drawn  me  that 
way,  I  could  not  sunmion  the  resolution  to  go,  and  actually  have  taken 
roundaliout  paths.  It  seemed  to  me  profoimdly  amazing  that  the  dream 
that  I  had  had  should,  after  twenty  years,  be  realized  without  respect  lo 
diftereuce  of  scenery,  or  climate,  or  age.  A  good  clergyman  of  my  ac- 
quaintance took  the  opportunity  of  improving  the  circumstance  to  my 
spiritual  advantage ;  and  m  his  kind  enthusiasm,  for  he  knew  that  I  liad 
more  than  once  been  brought  to  the  point  of  death  by  such  fevers,  inter- 
preted my  dream  that  I  should  die  of  marsh  miasm. 

"  Most  persons  have  doubtless  observed  tliat  tliey  suddenly  encounter 
circumstances  or  events  of  a  trivial  nature  in  their  course  of  Hfe  of  which 
they  have  an  indistinct  recollcclion  that  they  have  dreamed  before.  It 
seemed  for  a  long  time  to  me  that  this  was  a  case  of  that  kind,  and  that 
it  might  be  set  down  among  the  mysterious  and  unaccountable.  How 
wonderiul  it  ia  that  we  so  often  fail  to  see  the  simple  explanation  of 
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thinga,  when  that  explanation  is  actually  intruding  itaelf  before  us-  And 
so  in  this  case ;  it  was  long  before  the  trutli  gleamed  in  upon,  me,  Ictefore 
mj  reasoning  powers  shook  off  the  delusive  impressiona  of  my  senses. 
But  it  occurred  at  last ;  for  I  said  to  myself.  Is  it  more  probable  tliat 
such  a  mystery  is  true,  or  that  I  have  dreamed  for  the  third  time  tbat 
which  I  had  already  dreamed  of  twice  before  ?  Have  I  rejiliy  Been  the 
blasted  tree  and  the  sunning  turtle  ?  Are  a  weary  ride  of  fifty  miles, 
the  noontide  beat,  the  silence  that  could  almost  be  felt,  no  provocatives 
to  a  dream?  I  have  ridden  ujidcr  such  circumstances  many  a  mile,  fast 
asleep,  and  have  awoke  and  known  it ;  and  bo  I  resolved  that  if  ever 
circumstances  carried  me  to  those  parts  again,  1  would  satisfy  myseif  as 
to  the  matter. 

"Accordingly,  when,  after  a  few  years,  an  incident  led  me  to  travel 
there,  I  revisited  the  well-remembered  scene.  There  still  was  the  stag- 
i\ant  pool,  but  the  blasted  pine-tree  was  gone ;  and  after  I  had  pushed 
my  horac  through  the  marshy  thicket  aa  far  as  I  could  force  him,  and 
then  dismounted,  and  pursued  a  close  investigation  on  foot  in  every  di- 
rection round  the  spot,  I  was  clearly  convinced  that  no  pine-tree  had  ever 
grown  there  ;  not  &  stump,  nor  any  token  of  its  remains,  could  be  seen ; 
and  so  now  I  have  concluded  that,  at  the  glimpse  of  the  water,  with  the 
readineaa  of  those  who  are  falling  asleep,  I  had  adopted  an  external  fact 
into  a  dream  ;  that  it  had  arouaed  the  trains  of  thought  which,  in  former 
years,  had  occupied  mo  ;  and  that,  in  fine,  the  mystery  was  all  a  delusion, 
and  that  I  had  been  frightened  with  less  than  a  shadow." 

The  instructive  story  of  this  physician  teaches  us  how  readily,  and  yet 
how  impressively,  the  remains  of  old  ideas  may  be  recalled ;  how  they 
may,  as  it  were,  be  projected  into  the  space  beyond  U3,  and  take  a  posi- 
tion among  existing  realities.  Tliat  such  images  arise  from  a  physical 
impression,  which  has  formerly  been  made  in  the  registering  ganglia,  it 
is  impossible  to  doubt,  and  that  for  their  eniei^ence  from  their  dormant 
state  it  IS  necessary  that  there  should  be  a  dulling  or  blunting  of  con- 
Equaliiptionof  temporaneouB  sensations,  so  that  these  latent  refics  may 
old  imprwisioaa  present  themselves  with  a  relatively  equal  force.      This 

snil  new  jepsa-  1-        ■  /■     1        •  .  «  11-  .  -  1 

tiuns  iMTuaBaiy  equalization  oi  the  mtensity  of  an  old  impression  with  a 
fe:  visiona.  present  flcnsation  may  be  brought  abotit  in  two  different 
waya :  lat.  By  diminishing  tlie  force  of  present  eenaations,  as  when  we 
Modes  of  ac-  are  in  a  reverie,  or  have  fallen  asleep,  or  by  breathing  vapors 
Uiat^euujji^  unsuited  for  the  support  of  respiration  ;  2d.  By  increasing  the 
satiiiTi.  activity  of  those  parts  of  t)ie  brain  in  which  the  old  impres- 

sions are  stored  up.     On  each  of  these  a  few  remarks  may  be  made. 

Cerebral  vision  depends  on  an  equalization  in  intensity  between  pres- 
ent sensations  and  old  impressiona.  So  long  ag  the  former  predominate 
in  power,  the  latter  excite  no  attention  or  are  wholly  overlooked.     This 
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condition  is  illaatrated  by  such  facts  aa  that  the  flame  of  niuitrationsof 
&  candle,  held  against  the  sun,  is  utterly  oveq>owercd  and  ^'J^.l^'^^o"""* 
imperceptible^  but  is  seen  of  its  proper  brightness  when  it  each  othtt. 
is  in  presence  only  of  another  fliime  like  itself;  or  as  the  stars,  which 
are  concealed  bj  day,  are  plain  enough  when  the  sun  sets.  ^Vncient  im- 
pressions, harbored  in  the  optic  thalamic  can  not  make  themselves  felt 
against  sensations  juat  establishing  themselves;  for  as,  when  we  have 
looked  at  a  bright  window  and  then  closed  our  <^yf^s,  the  retinal  phantom 
we  Bee  becomes  paler  and  paler,  and  after  a  while  dies  out,  bo  do  cerebml 
images  undergo  a  diminution  of  intensity  with  lapse  of  time,  though  it 
may  be  questioned  whetlier  they  ever  entirely  wear  out.  The  law 
which  obtains  in  oujf  economy  for  other  organa  of  sense  applies  in  these 
cases  too.  Even  in  contemporaneouBly-occurring  senaations,  unless  there 
is  something  like  an  equality  between  them,  the  weaker  makes  no  im- 
presaion  upon  us.  In  the  presence  of  a  bright  light,  a  less  brilliant  one 
can  not  be  seen ;  a  feeble  sound  is  made  inaudibls  by  an  intensely  loud 
one ;  minute  variations  of  temperature  become  imperceptible  when  we 
are  submitted  to  a  great  heat  or  cold.  Ideas  are  no  more  than  the  vea- 
tigea  of  what  were  once  sensations,  and  are  subjected  to  the  same  phys- 
ical law.  For  them  to  become  embodied,  and  to  cheat  the  mind  into  a 
belief  of  their  re-existence,  equivalent  in  all  regards  to  outward  and  actu- 
ally-existing  things,  tlie  impressions  of  these  latter  must  be  diminished 
in  their  power,  or  tlie  vigor  of  the  former  must  be  re-enforced. 

So,  when  we  are  passing  away  in  sleep,  the  organs  of  sense  no  longer 
convey  their  special  impressions  with  tlie  cleameaa  and  force  p  ..„„„  ^ 
that  they  did  in  our  waking  hours,  and  this  gives  to  the  de-  oMiniprcfiBioM 
caying  traces  wliich  are  stored  in  the  registering  ganglia  the  "^  ^  '^^^' 
power  of  drawing  upon  theniselvea  the  attention  of  the  mind- 
So,  likewise,  in  the  delirium  of  fevcra,  the  spectral  phantoms  which 
trouble  the  sick  are  first  seen  when  the  apartment  is  dark-  ..  , 

ened  and  kept  silent,  and  especially  when  the  patient  closes  oidimprcssiono 
his  eyes.  Until  the  sensES  are  more  completely  overwhelm-  of  fcvtrsiiHdta 
ed,  theee  shadows  will  disappear  on  brightly  illuminating  tf'^i  "rtieiB  v/t 
the  room  or  on  opening  the  eyes.  And  so,  too,  in  the  hour 
of  death,  when  outer  things  are  losing  their  force  upon  the  dim  eye,  and 
dull  ear,  and  worn-out  body,  images  that  have  reference  to  the  manner 
of  our  paet  life  emerge ;  the  innocent  and  good  being  attended  in  their 
solemn  journey  by  visions  in  unison  with  their  prior  actions  and  thoughtST 
the  evil  with  scenes  of  terror  and  despair;  and  it  la  right  that  it  should 
be  GO. 

The  enfeebling  of  sensations  which  we  arc  in  the  act  of  receiving 
from  external  sources,  so  as  to  bring  them  on  an  equality  ivith  those 
which  have  been  long  ago  impressed,  not  only  occurs  in  the  condition 
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Emergenoo  of  of  sleep,  and  in  the  article  of  death,,  bnt  may,  in  a  temporary 
brartiS™'  manner,  be  establighed  bj  resorting  to  certain  phyaical 
ni«n«.  agents  and  drugs.     Pressure  upon  the  brain,  either  accident- 

allj  or  purposely  appHed,  is  ■well  known  to  produce  such  a  result^  and, 
in  like  manner,  the  inlialation  of  various  agents,  sucli  aa  pure  hydrogen 
gas,  the  vapor  of  ether  or  chloroforra,  or  other  non-supporters  of  respira- 
tion. On  breathing  these  substances,  anfestbesia  is  soon  indncpd ;  the 
e^xtemal  world  disappears ;  and,  on  carrying  forward  the  operation  to  ita 
due  extent^  the  mind  and  the  brain  are  literally  left  to  themselves.  Opium 
acts  in  like  manner,  more  particularly  in  the  case  of  those  who  have  ac- 
costoroed  themaclves  to  ita  uudue  use.  It,  however,  not  only  bluntd 
the  force  of  new  impresaiona,  but  exerts  a  positive  agency  in  intensitying 
the  decaying  remains  of  old  ones.  Under  its  full  influence,  the  tnie  re- 
lations of  space  and  of  time  disappear :  a  century  of  events  is  lived 
through  in  a  single  night ;  the  vision  can  comprehend  distances  ap- 
proaching to  the  inliuite »  and  yct,  Tinder  these  circumstances,  the  mind 
does  not  perceive  a  riot  of  incongruous  combinations,  but  every  thing  is 
presented  in  a  methodical  and  orderly  way — pictures,  all  the  parts  of 
which  are  in  just  proportions  and  aevcic  keeping  to  each  othcr^  and  long 
sequences  of  events  which  maintain  a  mutual  harmony. 

But,  as  I  have  just  remarked,  the  equalization  of  new  eenaations  with 
AMlficiallT  in-  old  imprcSsions,  which  is  necessary  for  phantom  appearances, 
creBsed  fuiic-  jjj^^  jjjg  incamation  aiid  outward  localization  of  ideas — that 
flf  Ui*  brain  in-  IS*  Cerebral  vision—may  take  place  by  heigJitening  or  re-cn- 
CKUGJ  them,  forcing  the  old  impressions,  as  veil  as  by  diminishing  the 
iateiisity  of  the  new  senaatioiiB  ;  and  as  in  the  former  case,  so  in  this,  the 
result  can  be  reached  in  many  different  ways.  Whatever  will  cau^e  in- 
creased functional  activity  of  the  cerebral  structure  may  recall  these  old 
images  in  force.  It  is  almost  unnecessary  to  allude  to  the  delirium 
which  attends  inflammatory  states  of  the  brain.  Artiflcial  experiments 
are  more  instructive. 

For  the  purpose  of  increasing  the  functional  activity  of  the  cerebral 
CweofpToioi-  structure,  protoxide  of  nitrogen,  by  reason  of  its  greater  solu- 
ickofniirogen.  bility  in  thc  blood,  exceeds  in  power  even  oxygen  gas  itself. 
This  substance,  when  respired,  at  once  awakens  long  trains  of  vivid  ideas, 
the  recollection  of  all  kinds  of  former  scenes.  Its  action  is  divisible  into 
two  periods,  tlie  first  corresponding  to  the  heightened  sensibility  arising 
from  the  increased  oxidation  it  is  establishing  in  the  economy,  the  sec- 
ond to  the  depression  whicli  aoon  comes  on  through  the  consequent  ac- 
cumulation of  carbonic  acid,  and  which  the  lungs  and  skin  are  unable 
with  sufficient  quickness  to  remove.  Sir  H.  Da^y,  who  first  recognized 
ita  physiological  power,  has  given  us  a  graphic  description  of  these  ef- 
fects.    He  says,  '*  A  thrilling,  extending  from  the  chest  to  the  extremi- 
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ties,  was  almost  im mediately  produced.  I  felt  a  sense  of  tangible  exten- 
sion, higlJy  pleasurable,  in  every  limb.  My  visible  impressions  were 
dazzling  and  apparently  magni:&ed.  I  heard  distinctiy  every  sound  in 
the  room,  and  was  perfectly  aware  of  my  situation.  By  degrees,  as 
the  pleasurable  sensation  increased,  I  lost  all  connection  with  external 
things ;  trains  of  Wvid  visible  imagea  rapidly  passed  tluough  my  mind, 
and  were  connected  with  words  in  such  a  manner  as  to  produce  sensa- 
tions perfectly  novel.  I  existed  in  a  world  of  newly-connected  and 
newly-modified  ideas.  When  I  was  awakened  from  this  semi-deliriotis 
trance  by  Dr,  Kinglake^  who  took  the  hag  from  my  mouth,  indignation 
and  pride  were  the  first  feelings  produced  by  the  sight  of  the  persons 
about  mc.  My  emotions  were  enthusiastic  and  sublime,  and  for  a  mo- 
ment I  walked  round  the  room  j>erfcctly  regardless  of  what  was  said  to 
me.  As  I  recovered  my  former  stale  of  mind,  I  felt  an  inclination  to 
communicate  the  discoveries  I  had  made  during  the  experiment.  I  en- 
deavored to  recall  the  ideas;  they  were  feeble  and  indistinct.  One  rec- 
ollection of  tertnsj  however,  presented  itself,  and  with  the  raoat  intense 
belief  and  prophetic  manner  I  exclaimed  to  Dr.  Kinglake,  *  Nothing  ex- 
ists but  thoughts;  the  universe  ia  composed  of  impressions,  ideas,  pleas- 
urea,  and  pains.'" 

In  like  manner,  the  intoxication  that  arises  from  alcohol  has  two  dis- 
tinct stages,  depending  on  entirely  different  phases  of  its  chemical  action. 
At  first  there  is  an  exaltation  of  effects,  because  of  the  increased  function- 
al activity  established  ;  but  this,  at^er  a  time,  is  succeeded  by  a  dullness, 
or  even  stupefaction,  attributable  to  the  iraprcsaian  which  the  carbonic 
acid  arising  from  the  oxidation  of  the  alcohol  is  making  upon  the  nerv- 
ous centres. 

By  two  different  methods,  therefore,  ancient  impressions  Twumethcdsof 
may  be  equaltzcd,  as  reapccts  intensity,  vtith  new  sensations.  ^qiai^zatiuD  pf 
The  vigor  of  the  former  may  be  increased,  or  the  efl'ect  of  ana  exiting 
the  latter  diminished.  Henwtions. 

Equalised  in  any  way  in  their  force,  the  mind  19  ready  to  confound  its 
own  ideas  and  external  forms  together.  A  cause  which,  perhaps,  might 
aeem  to  be  trivial,  fastens  the  attention,  and  at  once  a  sohtary  form,  or 
even  the  machinery  of  a  long  drama,  emerges.  It  is  no  more  possible  for 
us  to  say  why  the  thought  runs  in  one  course  rather  than  another,  and 
lays  hold  of  image  after  image  in  succession,  than  we  can  foretell  the 
way  of  a  spark  that  moves  darkling  on  the  ashes  of  a  piece  of  burned  pa- 
per.    Yet  it  too  runs  in  connected  lines. 

No  better  evidence  can  be  ^ven  that  the  images  we  are  speaking  of 
are  impressions  of  past  events  registered  in  the  brain,  and  wiiich  gain 
the  power  of  drawing  upon  themselves  the  attention  of  the  mind,  either 
by  their  assuming  an  unwonted  intensity,  or  by  the  diminution  of  the  in- 
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„    ,  .  ^         fluence  of  newlv-arriTinff  aensations,  than  the  philosophical 

istencc  of  im-  ODservationa  which  have  been  laade  by  some  oi  those  who 
prH-ssioMii  the  ^      ^     j^y    ^     ^        infirmities   on  their  own  cases. 

gtin  add  iheir  Thus,  in  SEcIi  a  caae  recorded  in  Nicholson's  Philosophical 
Bmergenoo.  Joumal,  and  alluded  to  hy  Dr.  Hibbert :  "  1  had  a  visit/' 
said  the  patient,  "from  Dr.  O ,  to  whom,  among  other  remarks,  I  ob- 
served that  I  then  enjoyed  the  satiataction  of  having  cultivated  my  rao> 
al  habits,  and  particularly  in  having  always  endeavored  to  avoid  being 
the  slave  of  fear.  ■■  I  think,'  said  1,  '  that  this  is  the  "breaking  up  of  the 
ay&tem,  and  that  it  is  now  in  progrega  to  speedy  destruction.  In  thisi 
state,  when  tiie  senses  have  become  confused,  and  no  longer  teJl  me  the 
truth,  they  still  present  me  with  pleasing  Bctiona,  and  my  suflerings  arc 
mitigated  by  that  calmness  which  allows  me  to  find  amusement  in  what 
arc  probably  the  .concluding  scenes  of  life.'  I  give  these  aelf-congratula- 
tions  without  scruple,  more  particularly  because  they  led  to  an  ohawva- 
tion  of  fact  which  deserves  notice,  AVlieu  the  doctor  left  me,  my  relax- 
ed attention  turned  to  the  phantasms,  and  some  time  afterward,  instead 
of  &  pleasing  face,  a  visage  of  extreme  rage  appeared,  which  presented  a 
gun  at  mc,  and  made  me  start ;  hut  it  remained  the  usual  time,  and  then 
gradually  faded  away.  This  immediately  showed  me  the  probability  of 
somB  connection  between  my  thoughts  and  these  images,  for  I  ascribed 
the  angry  phantasm  to  the  general  refledion  I  had  formed  in  conversa- 
tion with  Dr.  C .     I  recollected  some  disquisitiona  of  Locke,  in  Ilia 

treatise  on  the  Conduct  of  the  Alind,  where  he  endeavors  to  account  for 
the  appearance  of  faces  to  persons  of  nervous  habits.  It  seemed  to  me 
as  il'  faces  in  all  their  modifications,  being  so  associated  with  our  recol- 
lections of  the  affections  of  passions,  would  be  most  likely  to  offer  them- 
selves in  delirium  ;  but  I  now  thought  it  probable  that  other  objects 
could  be  seen,  ii'  previously  meditated  upon.  With  this  motive  it  was 
that  I  reflected  upon  landscapes  and  scenes  of  architectural  gi-andeur 
while  the  faces  were  flasliing  before  me,  and  after  a  considerable  interval 
of  time,  of  which  I  can  form  no  precise  judgment,  a  rural  scene  of  hills, 
valleys,  and  fields  appeared  before  me,  which  was  succeeded  by  another 
and  another  in  ceaseless  succession,  the  manner  and  times  of  their  respect- 
ive appearance,  duration,  and  vanishing  being  not  senaibly  different  from 
that  of  the  faces.  All  the  scenes  were  calm  and  still,  without  any  strong 
light  or  glare,  and  delightfully  calculated  to  inspire  notions  of  retirement, 
of  tranquillity,  and  happy  meditation.''  The  same  writer  adds  in  anoth- 
er place,  '*  The  figures  returned,  but  now  they  consisted  either  of  books, 
or  parchments,  or  papers  containing  printed  matter.  I  do  not  know 
whether  I  read  any  of  them,  but  am  at  present  inclined  to  think  that  they 
were  not  either  distinctly  legible,  or  did  not  remain  a  sufficient  time  be- 
fore they  vanished.     1  was  now  so  well  aware  of  the  connection  of  thought 


TJ8E  OP  nrVERSE  VISIOK.  415 

with,  their  appearances,  that,  bj  fixing  mj  mind  on  the  consideration  of 
manuscript  instead  of  printed  tji^e,  the  paper  appeared,  after  a  time,  onlj 
■with  nianuBcript  writing  ;  and  afterward,  by  the  eame  proceag,  InBtcad  of 
being  erect,  thcj  were  all  inverted,  or  appeared  upaide  down." 

We  can  not  fail  to  remark  the  close  resemblance  between  these  illu- 
siona,  aiising  from  a.  fixed  meditation  on  recollected  scenery,  ^  .,  . 
and  the  phantoms  which  are  witnessed  after  our  gaae  haa  izationofphwi. 
been  steadily  directed  to  eome  lirighlly-illiunLnated  object,  ^*^™'^' 
as  a  window,  when,  we  first  awake,  «In  both  there  ia  the  same  subdued 
and  uncertain  brilliancy  of  effect ;  in  both  the  same  gradual  fading  away  ; 
in.  both  the  mind  does  not  refer  the  image  it  contemplates  to  an  inward 
point  or  place,  but  seta  it  forth  outwardly,  projecting  it  into  the  empty 
or  occupied  region  beyond.  In  inverse  as  in  ordinary  vision,  the  law  of 
the  line  of  visihle  direction  is  enforced,  and  thia  reference  of  cerebral  ira- 
agea  fo  a  definite  point  in  outer  apace  is  a  phenomenon  of  the  same  kind 
as  the  appearance  of  the  invisible  coin  on  pouring  water  into  a  basin,  the 
lifting  of  sliipa  into  the  air  by  atmospheric  refraction,  the  appearance  of 
the  sun  and  moon  every  day  above  the  horizon  before  tliey  have  actu- 
ally riaen  and  after  they  have  set,  and  many  other  optical  illusiona  that 
might  be  mentioned^ 

Physiology,  tiiough  full  of  teleological  illustrationa — tliat  is,  examples 

of  the  use  of  raeaus  for  the  accomplialmient  of  an  end — has  -_ 

.  .        .  ,        ,  The  aervouB 

none  more  worthy  of  our  consideration  than  thia  of  inverse  nicciianisnuron- 
Tision.  Men  in  every  part  of  the  world,  even  among  na-  "i^([,\)/j'iml 
tions  the  moat  abject  and  barbarous,  have  an  abiding  faith  mortaiity  of  the 
not  only  in  the  existence  of  a  spirit  that  animatea  us,  but 
also  in  its  immoi'tality.  Of  these  there  are  multitudes  who  have  been 
abut  out  from  all  communion  with  civilized  countriea,  who  have  never 
been  enlightened  by  revelation,  and  who  are  mentally  incapable  of  rea- 
aoning  out  for  themaelvea  arguments  in  support  of  those  great  truths. 
Under  such  circumstances,  it  is  not  veiy  Ukely  that  the  uncerta^intics  of 
tradition  derived  from  remote  agea  could  be  any  guide  to  tliem,  for  tra- 
ditions soon  diaappcar  except  they  be  connected  with  the  wants  of  daily 
life.  Can  there  be,  in  a  philosophical  view,  any  thing  more  interesting 
than  the  manner  in  which  these  defects  have  been  provided  for,  by  im^ 
planting  in  the  verj"  organization  of  every  man  the  means  of  constantly 
admonialiing  him  of  these  facta,  of  recalHng  them  With  an  unexpected 
vividneaa  before  him,  even  after  they  liavc  become  bo  faint  as  almost  to 
die  out  ?  Let  liim  be  aa  debased  and  benighted  a  savage  as  he  may, 
shut  out  from  idl  communion  with  races  whom  Providence  li,a9  placed  in 
happier  circumstances,  he  haa  still  the  same  organization,  and  is  liable  to 
the  same  physiological  incidents  as  ourselves.  Like  us,  he  sees  in  his 
viaion^  the  fading  forms  of  laudscapea,  which  are,  perhaps,  connected  with 
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aome  of  liia  moat  grateful  Tecollections;  and  what  other  conclusion  can 
he  posaihly  derive  from  these  u.iireii.1  pictures  thaii  that  they  ate  the  fote- 
ahadowings  of  another  land  bejond  that  in  which  his  lot  is  castf  Like 
us,  he  is  viaitcd  at  mtcrvals  hy  the  resemblances  of  thoae  wlioni  he  has 
loved  or  hated  while  they  were  alive ;  nor  can  he  ever  be  so  brutalized  as 
not  to  discern  in  such  manifestattona  suggestions  which  to  him  are  in- 
controvertible proofs  of  the  existence  and  immortality  of  the  soul.  Even 
in  the  moat  refined  social  conditions  we  arc  never  able  to  shake  off  the 
impression  of  these  occurrences,  and  are  perpetually  drawing  from  theni 
the  same  conclusions  as  did  our  uncivilized  ancestors.  Our  more  ele- 
vated condition  of  life  in  no  res[>ect  relieves  us  firora  the  inevitable  con- 
sequences of  our  own  organization  any  more  than  it  relieves  us  from  in- 
firmities and  disease.  In  these  respects,  all  over  the  globe,  we  are  on  an 
equality.  Savage  or  civilized,  we  carry  about  within  ua  a.  mechanism  in- 
tended to  present  na  with  mementoes  of  the  most  solemn  facts  with  which 
we  can  be  concerned,  and  the  voice  of  history  tells  ns  that  it  has  ever  been 
true  to  its  design.  It  wants  only  moments  of  repose  or  of  sickness,  when 
the  influence  of  external  tilings  is  diinuiishcJ,  to  come  into  full  play,  and 
these  are  precisely  the  moments  when  we  are  best  prepared  for  the  truths 
it  ia  gomg  to  suggest.  Such  a  mechanism  is  in  keeping  with  the  man- 
ner in  which  the  course  of  nature  is  fiilfiUed,  and  bears  in  its  veiy  style 
the  impress  of  invariability  of  action*  It  is  no  respecter  of  (jersoiis.  It 
neither  permits  the  haughtiest  tfi  be  free  from  the  monitions,  nor  leaves 
the  humblest  without  tlie  consolation  of  a  knowledge  of  another  life. 
Liable  to  no  mischances,  open  to  no  opportunities  of  being  tampered  with 
by  the  designing  or  interested,  requiring  no  extraneous  human  agency  for 
its  effect,  but  always  present  with  each  man,  wherever  iie  may  go,  it 
man'cloualy  extracts  from  vestiges  of  the  impressions  of  the  past  over- 
whelming proofs  of  the  reality  of  the  future,  and,  gathering  its  power  from 
what  would  seem  to  be  a  most  unlikely  source,  it  insensibly  leads  us, 
no  matter  who  or  where  we  may  be,  to  a  profound  belief  in  the  immortal 
and  imperialmble,  from  phantoms  which  have;  scarcely  made  their  appear- 
ance before  they  are  ready  to  vanish  away. 

It  ia  scarcely  necessary  for  me  to  do  more  than  barely  refer  to  the  aa- 
eertions  of  thoae  who  would  have  it  believed  that  they  look  upon  all 
these  appeaiancea  as  fictions  and  deliberate  impostures.  What  is  to  be- 
come of  all  history  if  such  a  doctrine  could  be  maintained  ?  Human  ev- 
idence must  be  regarded  aa  utterly  wortldess.  Moreover,  no  one  denies 
the  existence  of  dreams,  and  the  phenomena  we  have  been  here  treating 
of  are  philosophically  of  the  same  order. 
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CHAPTER  XXn. 

OF  TOUCH,  AiTD  THE  DETEKMmATlON  OF  FBESSUBES  AIJD  TEMPERA- 

TUltES. 

f\MftiiHiA  of  thf,  tariile  Medtam^m:  tVs  STnrtftr^. — Rfijions  of  different  Sensiflirenuji. — Cougar- 

ativr  t'litfsioloytf  nf  Touch, —  Exttmate  qf'jihi/Bical  l^milittes, 
Pereeptiun  of  Temperature. — iialiJo:tirc  Srtaaliarg  if  Ttittpcratare. 

The  tactile  organ  is  the  skir,  or  aomc  part,  modification,  or  append- 
age of  it.      The  general  functions  of  the  skin  have  been  al-  Funcfionaof 
ready  described.     It  remains  to  apeak  of  it  in  connection  with  ^echMiam 
the  sense  of  toucli. 

An  tmpreasion  has  long  prevailed  among  physiologists  that  this  Benae 
should  be  considered  aa  offering  several  auhdivisiona.  Thiia,  for  jn- 
Btanca^  we  have  a  consciousness  of  the  general  condition  of  the  niUECular 
Bjeteta — muscular  sense,  as  it  nnght  he  termed — and  this,  in  some  cases. 
ifl  exquisitely  perfect,  as  may  be  gathered  from  what  has  been  said  re- 
garding the  tensor  tyrapani  and  stapedius  muscles  in  the  chapter  on 
hearing.  Distinct  from  this  is  our  appreciation  of  pain  or  pleasure,  and 
BO  also  our  estimation  of  temperatures.  Adclon  has  inde-ed  maintained 
that  the  cognizance  of  temperatures  is  the  primary  or  chief  function  of 
this  sense.  It  will  be  sufficient,  however,  for  our  puqiiose,  leaving  out 
these  minor  subdivisions,  to  direct  our  attention  to  the  more  important, 
and  to  consider  the  tactile  organ  as  devoted  to  two  uses  :  1st,  the  appre- 
ciation of  prepsures ;  2d,  of  temperatures.  Pressures  doubtless  act  upon 
the  skin  in  a  purely  mechanical  way;  temperatures  operate  by  inducing 
a  variation  in  the  rate  of  waste  and  nutrition.  At  a  certain  point,  even 
this  distinction  ceases,  for  presguTes,  when  tlipy  reach  a  sufficient  intensi- 
ty, interfere  with  the  supply  of  arterial  blood  or  the  removal  of  venous, 
and  thereby  change  the  rate  of  nutrition  and  waste,  acting,  as  far  ate 
tliis  goes,  in  a  manner  not  unlike  that  of  the  variations  of  temperature. 

In  man,  the  skin  possesses  tactiJity  to  a  different  degree  in  different 
regions.  On  tiic  lips  of  the  fingers  and  on  the  lips  the  sen-  ^^  .^^^j  ^j^ 
Bory  perception  is  most  acute,  while  it  ia  at  a  minimum  on  fLTence  io  uw- 
the  trunk  and  thigh.  In  other  mammals,  which  are  covered  ' '  ^' 
with  hair  or  wool^  the  sense  ot'  touch  is  much  more  restricted.  Its 
proper  organ  is  to  be  regarded  as  arising  trom  a  concentration  of  general 
sensibiliry  of  the  skin  upon  a  special  construction,  the  papillary  body, 
&a  it  is  termed.     The  organs  of  vision  and  hearing  consist  essentially  of 
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two  portions,  a  receiving  and  a  nervous,  the  fornier  "being  constructed  on 
the  priijciplcs  of  optics  in  tlie  one  case,  and  of  acoustics  in  the  other.  A 
similar  doublencas  of  structui'e  may  be  recognized  in  the  instance  now 
before  us,  tliough  with  a  diftcrence  of  effect,  for  in  those  cases  the  outer 
or  receiving  organ  is  for  the  purpose  of  more  powerfally  concentrating 
the  influence  received,  but  in  touch  it  ia  the  reverse.  The  office  of  the 
cuticle,  whicli  covers  over  the  true  skin,,  is  to  render  it  less  sensitive  to 
external  impressions,  and  for  this  reason,  therefore,  it  varies  in  thick- 
neae  in  different  regions,  being  less  developed  on  those  portions  that  are 
more  particularly  devoted  to  tactile  aensibilitj.  Considering  the  hand. 
Structure  of  or-  or,  perliaps*  more  correctly,  the  tips  of  the  Hngera,  as  being 
K^n  ofioudi.  chiefly  devoted  to  the  purposes  of  touch,  no  construction 
could  be  conceived  of  better  adapted  to  that  end.  Placed  at  the  Hiixtrena- 
ity  of  the  arm,  a  kver  which  is  jointed  at  its  middle,  the  elbow,  and  the 
fore  part  of  which  has  a  motion  of  partial  rotation,  pronation,  and  Bupinsr 
tion  upon  its  own  axis,  the  liand  being  carried  so  tliat  its  pahn  presenta 
■upward  or  downward,  or  in  any  of  the  intermediate  poeitiona  included  in 
the  half-circular  motion — -jointed  again  by  the  bones  of  the  wrist,  so  as 
to  obtain  a  hinge-like  movement,  tlje  hand  may  be  flexed  or  extended 
almost  180  degrees  upon  the  forearm.  Its  bony  structure,  subdivided 
into  suitable  pieces^  is  clothed  wirh  a  multitude  of  muscles  or  their  ten- 
dons. In  the  fingers  and  thumb  the  structure  breaks  up  into  tive  sep- 
arate pieces,  possessed  of  an  incredible  firmness  when  we  consider  the 
numberless  motions  which  can  he  accomplished.  The  position  and  ar-- 
ticulatiou  of  the  thumbs  wLicli  enables  it  to  set  itself  in  opposition  to 
the  other  four  digits,  a  feature  wluch  constitutes  a  hand,  properly  speak-^ 
ing,  gives  the  jjower  of  grasping  thiaigs  perfectly,  and  makes  the  whole 
organ  a  perfect  mechanism  of  prehension.  Tiic  papillary  structure,  de- 
veloped in  its  utmost  refinement  on  the  tips  of  the  fingers,  and  fortified 
behind  by  the  nails,  whicli  present  moderate  resistance  to  pressures,  com- 
pletes tills  contrivance,  which,  from  its  pert'ect  adaptation  to  the  uses  to 
which  it  is  devoted,  its  power*  its  delicacy,  and  the  infinite  movements 
whicii  it  can  accomplish,  is  not  sur])a3sed  as  an  example  of  the  adapta- 
tion of  means  for  the  accomplishment  of  an  end.  by  any  other  structure 
of  the  body*  There  have  been  authors  who  hftve  a9.?cr(ed  tlmt  the  su- 
periority of  man  over  other  animals  may  be  entirely  accounted  for  by  his 
possession  of  a  hand — a  Btatement  which*  though  it  can  not  be  main-- 
tabled  in  its  generality,  is  yet  a  very  good  proof  of  the  appreciation  in 
which  this  wonderful  instrument  is  held  by  those  who  have  studied  its 
construction  and  functions  most  closely. 

Between  the  indications  that  have  to  be  dealt  with  by  tlic  hand  as 
an  organ  of  touch,  and  those  dealt  with  by  the  eye  and  ear,  there  is  an 
essential  difference.     The  eye,  for  example,  receives  the  pictures  of  ex- 
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temal  oliiecta  upon  a  surface,  but  the  hand  examines  the  so-  -  .  . 
Uditj  of  bodies.  Tiie  former  13  occupied  wit)i  length  and  of  soliaity  by 
breadth  ;  ihc  latter  with  all  three  dimensiona,  length,  breadth,  '  " 
and  thickness  conjointly.  Our  notions  of  solidity  are  to  no  little  extent 
obtained  in  this  way,  as  was  proved  in  the  case  of  Chcselden's  patient, 
who  had  been  blind  iVom  birth,  and  to  whom  vision  was  given  by  a  auc- 
ceasful  operation  for  cataract,  and  still  more  recently  by  a  similar  case 
of  Yt&nz.  In  thia  instance,,  "a  solid  cube  and  a  sphere,  each  of  four 
inches  diameterT  were  placed  before  the  patient^  at  the  distance  of  three 
feet,  and  on  a  level  with  the  eye.  After  attentively  examining  these 
bodies,  he  said  he  saw  a  quadrangular  and  a  circular  figure,  and,  after 
some  consideration,  he  pronounced  the  one  a  square  and  the  other  a  disk. 
His  eye  being  then  closed,  the  cube  was  taken  away,  and  a  disk  of  equal 
size  substituted,  and  placed  next  to  the  splicro.  On  again  opening  liig 
eye,  he  observed  no  difference  in  these  objects,  but  rcgHrded  them  both 
as  diska.  The  solid  cube  was  now  placed  in  a  somewhat  obliqne  posi- 
tion before  the  eye,  and,  close  beside  it,  a  figure  cut  out  of  pasteboard, 
representing  a  plain  outline  prospect  of  the  cube  when  in  tliis  position: 
both  objects  he  took  to  be  somewhat  like  a  flat  quadrate.  A  pyramid 
placed  before  him,  with  onn  of  its  sides  turned  toward  his  eye,  he  saw  as 
a  plain  triangle.  Thia  object  was  now  turned  a  little,  so  as  to  present 
two  of  ita  sides  to  view,  but  rather  more  of  one  side  than  of  tlic  other : 
after  considering  and  examining  it  for  a  long  time,  he  said  that  this  was 
a  very  extraordinary  figure  ;  it  was  neither  a  triangle,  nor  a  quadrangle, 
nor  a  circle — he  had  no  idea  of  it,  and  eould  not  describe  it:  'in  fact,' 
said  he,  *  I  must  give  it  up.'  An  example  of  the  close  association  which 
exists  between  the  sense  of  touch  and  that  of  sight,  in  enabling  the  mind 
to  form  a  correct  idea  of  an  object,  13  afforded  in  the  statement  of  this 
patient,  that,^  althougli  by  the  sense  of  sight  he  could  detect  a  difference 
in  tlie  cube  and  spliere,  and  perceive  that  they  were  not  drawings,  yet 
he  could  not  form  from  them  the  idea  of  a  square  and  a  disk  until  he 
perceived  a  sensation  of  what  he  saw  in  tlie  points  of  his  fingers  as  if  he 
really  touched  t!ie  objects.  When  he  took  the  sphere,  cube,  and  pyra- 
mid into  his  hand,  he  was  astonished  that  he  had  not  recognized  them  as 
such  by  sight,  being  well  acqun[ntcd  with  them  by  touch/' 

The  mechanism  ibr  touch,  as  distinguished  from  the  general  dermoid 
sensibility,  is  the  papillaf,  which  may  he  described  as  conical  gt„,j.m^e„| 
eminencea  on  t!ie  cutis,  at  once  solid  and  flexible,  sometimes  pajiiilaiof 
clavate  in  form,  and  sometimes  having  numerous  points.  They  ^'"'  ' 
are  about  the  ^^  of  an  inch  in  height,  and  the  -j^  of  an  inch  in  diam- 
eter at  their  base,  these  dimensions  varying,  however,  very  greatly  with 
the  situation.  They  contain  a  loop  of  blood-vesaela  and  a  twig  of  a 
sensory  nerve,  for  all  the  centripetal  nerves,  with  the  exception  of  those 
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devoted  to  the  special  senses,  may  Le  regarded  ag  concerned  in  this  fiinc- 
lion.  The  papilla)  contain  an  elastic  substance — axiie  body,  as  it  is  term- 
ed— which  aervea  to  heighten  the  sense,  and  the  yielding  structure  of  the 
skin  aids  in  the  same  effect  Tlie  papilla  arc  covered  over  with  tlie  cuti- 
cle, tlirough  wliich,  therefore,  all  ^if'  *^ 
action  on  them  must  take  place,  i 


^ 


imi' 


J^ij.  203  (Todd  and  Bowman)  represents  simple  papilliv  of  the  palm, 
the  cuticle  having  been  dclachcd.  J^iff.  204  (KoUikcr),  compound  papil- 
la;, witii  two,  three,  or  four  points :  «,  base  of  a  papilla ;  by  K  ^j  separate 
processes ;  t',  f,  c,  processes  of  papilla  whose  bases  arc  not  visible. 

The  mode  in  which  the  nerve  fibre  terminates  in  the  papilla  is  as  yet 
The  Pacinian  doubtful,  somc  asserting  that  it  is  arranged  as  a  returning 
iHjdies.  loop,  and  aonie  that  it  is  by  a  pointed  extremity.     Thi&  lat- 

ter mode  is  thought  to  be  illustrated  by  the  structure  of  tlie  bodies  term- 
ed Pacinian,  which  are  ovoid  in  form,  ■f'j  to  -j^  of  an  inch  in  length,  ^  to 
^  in  breadth,  and  attached  by  a  pedicle  to  many  of  the  cerebro-spinal 
imd  symjiathctic  neri'c  branches.  Each  consists  of  many  concentric 
membranous  Liycrs,  arranged  like  the  coats  of  an  onion,  the  interior  ones 
closer  than  the  exterior.  They  have  a  central  cavity,  distended  by  0 
tiuid,  which  also  intervenes  between  the  coats.  Across  this  cavity,  and 
occupying  exactly  its  nxi^,  a  nervx  fibre,  which  lias  cast  oif  its  white 
ahcatli,  passes,  terminating  at  the  other  end  either  in  branches  or  a  knob. 
The  use  of  tiicsc  bodies  is  wholly  unknown,  and  even  their  gtrncture  is 
doubtful,  the  existence  of  the  central  lic^uid  referred  to  being  denied  by 
some  anatomists. 

The  sensitiveness  of  a  part  h  in  proportion  to  the  number  of  papilla? 
_.         ...       it  contains.     Tables  liave  been  constructed  setting  forth  the 

The  sensitivp-  _  _  . 

ncss  of  diner-  relations  of  different  regions,  as  determined  by  placing  a  pair 
en  reyiotis.  ^j-  ^Qujp^gggg^  i\y^  poliits  of  wliicli  were  covered  with  cork,  on 
the  parts  to  be  tried,  the  eyes  being  shut,  and  closing  the  compasses  un- 
til the  pieces  of  cork  could  no  longer  be  distinguished  as  separate.  It 
appears  that  this  will  take  place  on  the  tip  of  the  tongue  when  the  points 
are  the  ^  of  an  inch  apart ;  on  the  tip  of  the  third  phalanx,  at  the  -^ 
of  an  inch ;  on  the  lips,  the  one  sixth  of  an  inch ;  tip  of  the  great  toe, 
half  an  inch ;  the  lower  part  of  the  occiput,  1  inch ;  and  on  the  middle 
of  the  thigh,  2^  inches^ 

No  part  of  4he  skin  is  eutirely  devoid  of  sensitivcneas,  as  KoUikcr  has 
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shown  hy  examinations  with  a  fine  needle.      At  first  te  „ 

,         i  ,  ...     Every  part  of 

thought  he  had  found  some  places  which  'wcrc;  quite  inscnsl-  ilie  tkia  ihs^h- 

ble,  while  in  others  the  slightest  touch  produced  sensation  j  "^"''' 
but  on  carrying  the  investigation  farther,  it  appeared  that  the  very  same 
place  was  sometimes  senaible  and  sometimes  not,  so  that  finally  he  came 
to  the  conclusion  that  the  very  smallest  portions  of  tlio  skin  are  Bcnai- 
tive.  But  sinoe^  even  in  the  palm  of  the  hand,  the  piipilUu  containing 
nerves  are  widely  dispersed,  and  in  other  places  occur  but  rarely,  or 
even  not  at  all,  he  infers  that  it  ia  necessary  to  assume  the  existence  of 
non-medulla  ted  fibres  in  all  the  papillije,  or  to  have  recom'sc  to  the  nerv- 
ous plcxna  at  their  base,  since  he  believes  it  is  not  possible  to  demon- 
strate nerves  in  every  one  of  those  l>odies+ 

The  nerves  supplying;  t!ie  papiliii^  may  perhaps  be  said  to  ascend 
through  the  cuti.'^,  continually  braTiching,  and  forming  evcntu-  ]'jipiU»rj 
ally  terminal  plexuses.  The  primitive  tubnlcs  themselves  di-  "i:""- 
Tiding  at  an  acute  angle  into  two^  and  entering  the  papilla:,  they  are 
■united  at  their  extremities  in  a  loop.  Of  course,  tins  constmction  in- 
volves the  fact  that  they  have  freed  themselves  from  the  white  substance 
of  Schwann.  The  impression  made  on  these  exposed  ner\'0U3  fibrils  is 
by  many  regarded  as  of  a  purely  mechanical  kind.  They  may  bo  aHcct- 
ed  not  merely  by  vertieal  pressures,  but  likewi.sc  by  those  exerted  in  the 
direction  of  the  plane  of  tiie  skin,  and  this  accounts  for  tactile  sensation 
on  portions  of  that  purfa^  wliieh  are  either  sparsely  or  not  at  all  sup- 
plied with  nerve  fibrils.  To  this  effect  the  unyielding  and  horny  Icxlurc 
of  the  cuticle  doubtless  contributes. 

No  papillse  are  Ibund  in  invertebrate  animals.  Among  vertebrates 
they  arc  variously  disponed.  In  lizards  thriy  occur  under  '^-ou^i,  i^,  oihor 
the  toes ;  in  the  chameleon,  and  some  of  the  ant-eaters,  whicli  vericbraics. 
use  their  tails  for  tactile  purposes,  they  are  found  upon  that  organ.  In 
the  spring  season  of  the  year  they  arc  temporarily  developed  on  the  Eliuinb 
of  the  frog.  Among  birds  they  are  found  upon  the  toes,  or,  if  web-foot- 
ed, upoTi  the  web  ;  in  the  mole  on  t!ie  tip  of  the  snout.  In  the  tapir  and 
elephant  they  Occur  upon  the  trunk  ;  among  the  r^uadniniacia,  on  the 
hands  and  feet,  and  in  some  also  upon  the  tail.  The  wbi.sker.s  of  the  cat, 
the  rat+  the  rabbit,  may  be  regarded  as  appendages  to  the  tactile  organs, 
enabling  them  to  find  their  way  through  narrow  passages  in  the  dark. 
Among  atticulata  the  antcjmai  have  doubtless,  wilh  their  other  functions, 
a  similar  tiae.  Men  who  have  become  blind  often  guide  their  steps  by 
means  of  a  stick,  judging  from  the  peiisations  which  its  contact  wilh  sur- 
rounding bodies  imparts  to  the  hand :  it  is  Ju  all  respects  a  tcniporjuy 
antenna. 

Ourestinmtca  of  the  hardness  and  softness,  roughness  and  smootbnesB 
of  bodies,  lb  primarily  dejjendent  on  indications  derived  from  the  sense 
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Estimate  of  ^^  touch.  We  Bhonld  make  a  distinction,  however,  with 
physicB[  qunli-  Mafwfidie,  between  teeline  and  touching,  the  former  Leine 
essentially  passive,  the  latter  active ;  and  thougii  we  uau- 
t^'ecn  fo^irig^"  ^^Y  supposB  tlmt,  of  all  OUr  Hcnsefl,  touch  ig  the  most  reli- 
*ijd  loucbing.  flble,  it  ottcn  conveys  to  the  mind  illusory  impressiona,  as, 
for  instance,  in  the  well-known  experiment  of  Aristotle,  when  the  tips  of 
the  fingers  arc  crossed  over  each  other,  and  a  pea  rolled  boriGath  them,  it 
seenia  aa  if  there  were  two  peas,  one  under  each  fijiger.  The  iiidicationa 
of  touch  are  generally  more  correct  than  thoae  of  feeling.  Thus,  if  we 
close  our  eyes,  and  another  person  moves  the  tip  of  oui-  finger  over  an 
unknown  surface,  he  can  completely  deceive  us  by  duly  varying  tlie  press- 
ure,  and  make  ua  believe  that  it  is  concave  or  convex,  whereas  it  may  be 
6at ;  but  if  we  pass  our  fingers  over  the  surface  ourselves,  we  very  quick- 
ly come  to  a  true  conclusion,  bec*iuae  now  we  are  conscious  of  t!ie  exef- 
tion  of  muscular  power ;  and  from  what  has  been  said  respecting  hearing, 
we  may  infer  how  delicate  our  estimate  of  muscular  exertion  ig.  The 
former  is  therefore  an  example  of  feeling",  the  latter  of  touch. 

Connected  with  this  distinction  are  the  singular  phenomena  of  tick- 
ling: the  rceions  most  readily  affected  by  this  are  those  of  low 

Tickling.  °  .?.,.  .  "^  -1,      ,-  1,-1  ,     - 

tactile  senslbllltJ^  A  person  can  not  tickle  himselt,  though  it 
IB  said  that  cases  ars  upon  record  in  which  one  has  been  tickled  to  death 
by  another.  Aa  m  the  otlier  cases,  the  mind  can  direct  attention  exclu.- 
aively,  for  the  time  being,  to  some  one  indication  of  touch,  which,  though 
it  may  be  apparently  insigniticant  in  itself,  becomes,  after  a  while,  per- 
fectly intolerable,  as  the  pressure  of  a  hair,  a  gentle  draught,  or  the  tkll- 
Rfimams  of  irn-  iiig  ^^  watcr,  drop  by  drop,  on  the  top  of  the  head ;  and,,  aa 
lire^j^icria,  with  them,  an  impression  which  is  made  docs  not  instanta- 
neously disappear,  but  will  sometimes  continue  for  quite  a  considerable 
time.  A  ring  or  other  article  tiiat  has  been  long  worn  will  lea^e  a  scn- 
aation,  though  it  may  have  been  removed. 

Bejaides  affording  an  estimate  of  external  pressures,  the  sensory  organ 
enables  ua  to  discover  variations  of  temperature.  It  may  therefore  be 
thus  eficctcd  by  bodies  upon  contact  or  by  bodies  at  a  distance ;  and 
PercepUonoT  thongh  wc  usually  confound  the  two  indications  together, 
WTn^ierniure  there  IS,  in  reality,  a  distinction  between  them  ;  thus,  in  cer- 
that  of  press-  tain  conditions  ol  paralysis^  the  indications  of  liie  contact  of 
""■  bodies  may  remain,  but  those  of  heat  and  cold  may  have  to- 

tally diaappeared.  On  examining  a  surface  from  wliieli  the  skin  has 
been  removed,  it  docs  not  appear  capable  of  diatinguishing  hot  from  cold 
bodies,  but  oidy  communicates  to  the  mind  an  indefinite  sensation  of 
U6BA  of  heat  pain ;  nor  can  we  create  sensations  of  heat  or  cold  by  any  ir- 
nw  ftriw  anl-  ""^^t'on  of  the  nerves.  The  measure  of  temperature  by  the 
G.aaUy.  agency  of  the  skin  is  very  far  from  beuig  cxacU  as  has  been 
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proved  by  the  einople  experiment  of  dipping  the  finger  into  very  warm 
watert  ai^d  tlien  the  whole  hand  into  water  many  dcgi'ces  cooler.  The 
increased  extent  of  surfkce  seems  to  overcom  pen  sate  for  the  ^ 

,  ,  DeceptiOM  of 

lower  temperature,  and  we  come  to  the  erroneous  conclusion  thcacnMof 

that  the  cooler  specimen  ig  the  wiirmer  of  the  "two  samples.      '"'J'^"- 

As  sounds  may  be  heard  wlilcli  Iiave  no  reality,  but  merely  originate 

in  the  brain,  or  spectral  iliusions  may  be  seen,  so  the  sense  SuiijcctivoMn- 

of  touch  ia  subicct  to  similar  Iiallueinatians,  as  a  spnaatioti  ^^^^'""■■'"'"'^cii 
•'  aT\fi  tcmpen- 

of  preasure  or  weight,  or  the  crawling  of  insects  on  the  skin;  lurc. 
and  tiiough  wn  can  not,  by  artiticial  irritation  of  the  nerves,  give  rise  to 
iiBpresaioitiS  of  beat  and  coldj  those  eftbcta  very  frequently  occur  in  thia 
interior  or  subjective  way. 


CHAFTEK  XXm. 

OF  SMELLING,  AND  TIIE  MEA^S  OF  IJIiSTRGiriSnUfG  GASEOUS  AHD  VA- 

roilOUS  SUBSTANCES. 

Stmttmtf  of  the  OrtftcH  of  SiiifM. — /is  prytpcr  InUmmm  iIlk  FifiS  Pair  nf  Ntrtts-^Lurrited  Re- 
gifin  of  S'utH- — ■  OifidiliouK  tif' ittt  fifrffrl  Arlian.—lMriiicvn  if  Odurs.^'Jlii^ir  J-Aicoii^iition. — 
Sviijeetiue  (A/or.t. 

Br  the  senac  of  amcll  we  are  able  to  distinguish  many  gaseous  and 
vaporous  substances  from  one  another.  They  cntci'  the  noa-  a..  ^,  f  n 
trila  with  the  respiratory  current,  and  are  brought  in  con-  fur  pHf-cB  nnd 
tact  with  t!ie  olfactory  or  Schneidcrian  mcinbiane.  Though  *'^r'0". 
received  at  first  in  the  elaatie  state,  they  become  dissolved  in  the  mucus 
which  moistens  that  membrane.  It  does  not  follow,  however,  that  all 
vapoi"ous  snbKtancea  give  rise  to  the  perception  of"  an  odor ;  for  example^ 
water  itself  communicatea  no  .'sensation  whatever.  Again,  there  are  other 
bodies,  as,  for  instance,  muak,  which  yield  an  odor  far  more  Dcik-B<jyorthb 
powerful  than  corresponds  to  their  loss  of  weight.  Thus  it  r6r«-*piJ«"i. 
is  said  that  tliat  substance  may  be  exposed  for  years  in  an  apartment,  dif- 
fusing all  the  time  itd  jwnelrating  emanations,  and  yet  not  becoming 
lighter.  Such  statements  are,  however,  on  tlieir  face,  exaggerationa. 
There  can  be  no  doubt  that  the  olfactory  organs  detect  extremely  minute 
portions  of  matter.  In  most  cases,  elevation  of  the  temperature  of  a 
body  increases  its  odorous  effect. 

The  primary  uses  of  the  function  of  smell  are  for  a  discrimination  of 
the  qualities  of  food,  or  its  condition,  and  aJso  for  enabling 
an  animal  with  greater  facility  to  j)rovidc  itself  with  HUppliea. 
Hence  the  development  of  this  structure  takes  place  in  the  utmost  per- 
fection among  the  carnivora,  which  oflen  depend  almost  exclusively  upon 
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this  faculty  for  the  pursuit  of  their  prey.  But  even  in  tlit  iierbivora  It 
is  well  market!,  and  fiiriiiahes  them,  though  less  exactly,  similar  indica- 
tions. In  man,  though  this  sense  is  less  acutely  developed,  it  applies 
itaelf  to  a  greater  variety  of  objects,  and  doubtlos.s  enablea  him  to  appre- 
ciate differtinccs  among  odorg  in  a  more  correct  manner  than  in  tEie  case 
of  the  lower  animals. 

The  general  principle  involved  in  the  construction  of  the  organ  of  smell 
J.  .  .  .  is  to  expose  an  extensive  and  conattmtly  nioiateticd  surface 
LhB  olractoTjr  to  the  air  brought  in  by  the  respiratory  current.  Of  course, 
ore*"-  other  things  being  equal,  the  lavgiir  the  surface,  the  more  per- 

fect the  sense.  The  object  of  gaining  a  great  extent  of  Hupcrficial  ex- 
posure under  a  relatively  small  volume  is  accomplished  by  spreading 
the  sensitive  mucous  membrane  on  projections  or  shelves,  which  also 
serve  the  jjurpose  of  intercepting  the  incoming  ciiiTcnt  of  air.  It  is  in 
reptiles  and  birds  that  turbinated  pi-oeeases  first  make  tlioir  appearance. 
In  air-hrcatliing  animalf*,  the  organ  of  smell  is  essentially  an  appendix 
to  tlic  respiratory  mechanism,  its  action  depending  cnlirely  upon  the 
play  thereof.  But,  though  the  material  submitted  to  the  olfactory  mem- 
brane 331  this  manner  13  presented  in  the  vaporous  or  gaseous  state,  it  ia 
intermediately  dissolved,  as  has  been  staled,  in  the  lif^uid  mucus  which 
covers  that  membrane,  before  it  can  affect  the  ramifications  of  the  olfac- 
tory nerve. 

The  nose,  thus  constituting  the  commencement  of  the  respiratory 
tract,  forms  a  charactcristie  feature  of  the  countenance.  It  is  composed 
in  part  of  bones  and  in  part  of  cartilages,  covered  over  with  muscles  and 
integument.  Its  five  cartilages  give  to  it  shape  in  its  inferior  portion, 
and,  by  their  elasticity,  enable  it  to  resist  external  injury.  The  whole 
surface  of  the  nasal  cavities  is  covered  over  with  mucous  membrane,  to 
which  the  names  of  pituitary  or  Schnelderian  membrane  have  lx?'cn  given. 
This  mucous  membrane  likewise  extends  into  the  maxillary  antrum^ 
ethnoid,  and  sphenoid  cells,  or  sinuses  which  are  adjacent,  and  open  into 
the  Same  nasal  cavity.  The  [Hehncideriaii  membrane  is  higlily  vascular, 
and  receives  its  nervous  supply  from  the  nasal  branciies  of  the  fifth 
pair,  which  give  it  oommon  sensibility,  but  ita  olfactory  function  de- 
ptf.-?m.  pf^.  z«.  pcnc3fl  on  the  distribution  which  a 

certain  portion  of  it  receives  from 
the  first,  or  olfactory  nerve. 

I'^/ij.  205  illustrates  the  distribu- 
tion of  the  olfactory  nerve  on  the 
septum  of  the  nose,     -/"Vy.  206  is 
its  distribution  on  the  outer  wall  of 
the  nasal  fossa. 

That  the  function  of  the  first  pair  of  nerves  is  olfactory  is  proved  by 
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many  facts.     Animals  in  wliich  these  nen'ea  have  been  di-  ,- 
vidcd  arc  no  longer  affected  hy  odors  oi  any  kind,  and,  gen-  first  pair  uf 
erally  speakings  the  greater  the  development  ot"  these  nervea,  ""^*'*^ 
the  acutcr  is  the  sense  of  smell.     In  persons  in  whom  this  sense  has 
been  defcotive  or  totally  absent,  or  in  those  who  have  been  troubled  with 
unpleasant  odors  ot*  a  subjective  kind,  post-mortem  examinations  have 
shown  a  corresponding  absence  or  leaion  of  these  nerves. 

In  man,  the  proper  oK'attory  organ  is  formed  hy  the  dustribution  of  the 
olfactory,  or  first  pair  of  ner>es,  on  the  raucous  membrane  which  covers 
the  upper  p.iTt  of  the  nose,  the  internal  set  of  rilfiincnts  bcioc  disposed 
on  that  of  the  septum,  the  external  on  that  of  the  sup(!rior  and  middle 
lepOTigy  bones.  The  membrane  is  very  vagctiloTT  and  covered  with  a  thick, 
pulpy  epithelium.  The  filaments  distributed  to  it  have  lost  the  wliite 
substance  of  Bcliwann.  It  is  those  parta  alone  to  which  these  filaments 
are  distributed  which  possess  the  sense  of  smell,  the  ndjaccnt  cavities, 
as,  for  example,  the  frontal  sinuses,  not  participating  tn  the  function,  as 
has  been  proved  by  the  injecting  of  the  vapor  of  camphor  or  other  odO' 
riferoils  bodies  into  them.  It  seems  to  be  necessary  for  the  vaporous  or 
gaseous  substances  to  be  dissolved  in  the  raoi.iture  which  covcrti  the  ol- 
factory membrane  in  order  to  their  exerting  a  proper  effect.  If,  by 
chance,  the  membrane  in  too  dry,  tlic  sense  of  snieli  is  temporarily  lost, 
and  the  eame  likewise  occurs  if  it  bo  unusually  moist. 

From  the  mode  of  distribution  of  tlie  olt'actory  nerve,  it  follows  that 
the  sense  of  smellin;;  is  rosfrictcd  to  the  upper  portion  of  ,,  ..  , 
the  nasal  cavity;  and,  for  this  reason,  when  wc  desire  to  dc-  rontie  sense  of 
tect  odors  with  unusual  preciaion,  the  air  is  drawn  violently  ^""^  * 
into  that  region  by  snitting.     On  the  contrary,  we  avoid  the  perception 
of  odors  by  breathing  through  the  mouth,  or,  as  the  common   (lomditionB  for 
phrase  is,  by  holding  the  noae.     Sjiice  the  perfection  of  the  it»  perfoct  mo- 
senap  reqniro3  that  the  olfactory  surface  siiall  neither  k;  too    ^'^°' 
Ary  nor  too  cold,  an  advantage  is  gained  by  placing  it  high  in  the  cav- 
ity, where  it  is  free  from  tlie  disturbing  cftccta  of  the  dry  air  introduced 
by  inspiration,  which  becomes  moistened  and  warm  before  it  rcachea  the 
place  of  action. 

Just  aa  we  make  a  distinction  between  a  nuisical  sound  and  a  noise, 
so  should  we  dislinguiyh  between  an  odor  and  sucli  inipres-  [>]5t]nai£)ni>e- 
siona  as  arise  from  tickling,  pressures,  the  use  of  snuff,  mus-  twfen  odo™ 
tard,  peppert  and  pungent  bodies,  for  these  act  as  mere  irri- 
tants, and  many  of  them  can  produce  analogous  effects  on  other  portions 
of  the  surface  of  the  skin.  Odors  do  not  give  rise  to  the  impressions  of 
pain,  and,  indeed,  the  nervous  mechanism  having  charge  of  the  action  is 
totally  different  in  tlie  two  eases.  Odora  operate,  aa  we  have  said,  upon 
the  olfactory  nerve,  but  these  other  impressions  arc  made  upon  the  nasal 
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supplies  from  the  fifth  pair.  The  upper  part  of  the  nasal  cavity  is  there- 
fore devoted  to  tJie  proper  senae  of  smcU,  the  lower  portion  to  general 
sensation. 

In  one  respect  there  is  &  striking  difference  between  tliis  sense  and 
Daraiion  of  vision  and  hearing.  Wc  can  perceive  many  luminous  im- 
odora.  pTPSsiong  at  the  same  time,  or  hciir  many  soiinils  in  rapid  buc- 

cession  ;  but  not  so  with  odoi'S.  Wc  can  smell  only  one  tiling  at  a  lime, 
or,  at  all  events,  the  impression  remains  long  upon  tlie  olfactory  appara- 
tus, [jcrhaps  because  tJic  odoriierotis  substance  remains  dissolved  in  the 
attnclied  moisture.  The  idcnsirication  of  substances  by  their  odor  neo- 
easariJy  impliea  a  resort  to  recollection  or  mcniory,  and  sometimes  we 
have  to  apply  the  fragrant  object  again  and  again  to  the  nose,  bcibre  we 
can  recall  with  satisfactory  precision  its  iianic* 

In  the  lower  animals  tlie  sense  of  smell  is  probably  localized  in  Bome 
-^  . .  parts  of  the  skin  ;  many  of  them  display  instincts  which  aeem 
•iwupmjyf  to  imply  the  possession  of  such  a  sense.  Insects  also,  by 
"^^  smell,  are  oflcn  led  to  tlieir  food  or  to  one  anollier. 

The  variable  cun'cnt  of  air  introduced  by  respiration  conipcriBatcs  in 
some  degree  for  the  want  of  mobility  of  the  nose,  wliicli  may  be  regard- 
ed, in  air-breathing  verlebratcJ  animals,  as  consisting  of  a  divertieijiu.m 
from  the  respiratory  passag;es.  In  fishes,  however,  the  olfactory  cavity  is 
not  connected  with  tJic  respiratory  passages :  there  are  no  posterior  nares. 
The  circumstance  of  their  living  under  water  disables  tliem  from  appreci- 
ating the  odorous  peculiarities  of  gases  and  vapors.  In  the  whale  the  or- 
gan is  altogether  absent,  being  replaced  by  the  mechanism  for  receiving 
air  ami  blowing  out  water.  In  other  tribes  the  acutcness  of  the  sense 
ia  in  proportion  to  the  development  of  the  olfactory  ganglia:  in  reptiles 
it  ia  feeble  :  iii  birds,  more  developed  ;  in  carnivorous  animals,  still  more. 
But  here  again  it  exhibits?  a  special  restriction,  since  there  is  reason  for 
supposing  that  carnivorous  animals  are  insensible  to  the  perfume  of  flow- 
ers, while  herbivorous  ones  distinguish  them  perfectly.  In  man,  as  we 
have  said,  the  sense  ia  less  developed,  but  it  has  a  wider  range. 

The  localization  of  odors  is  effected  in  a  much  less  perfect  manner  than 
Localization  *'^**  localization  of  sounds.  The  principle  by  which  it  ia  ao- 
of  odors.  complished  is  obviously  that  of  dctennining  the  direction  of 
maximum  intensity,  and  this  involves  necessarily  the  constant  exercise 
of  memory  and  comparison.  The  surprising  manner  in  which  this  can 
be  accomplished  by  animals  whose  sense  of  smell  is  acute,  as,  for  exam- 
ple, by  the  dog,  is  extremely  interesting.  From  the  diflerent  manner  in 
which  various  odora  affect  different  individuals,  there  ia  no  general  stand- 
ard of  comparison  to  which  they  may  be  referred,  as  there  ia  i]i  the  case 
of  colors  and  of  sound.  Scents  which  may  be  highly  diaagrceable  to  one 
are  accept^iblc  to  another  person.     By  constant  exposure,  the  faculty  may 
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become  so  benumbed  as  to  be  unable  to  disfinguiah  some  altogether. 
Thus  Turner  tbund  "tliat  tlie  flowei:  gl'  the  iria  persica  was  ,,  . 
pronounced  oi  pleasant  odor  by  forty-one  OB;t  ot"  fit'ly-four  of  odurouft  im- 
persons,  by  four  to  have  little  scent,  and  by  one  to  be  ill-  P""'^"*- 
Bceuted.  Ot"  thirty  persona,  twenty-tliree  held  tlic  aneniQiic  ncmoroaa 
agreeable  in  its  jx'ri'ume,  and  seven  did  not  think  that  it  gmelled  at  all*" 
Diseases  of  the  central  organs  will  sometimes  give  ri&e  to  the  percep- 
tion of  subjective  odors,  juat  as  they  do  to  spectral  illusions  or  suhjcciive 
Bounda  in  the  ears.  oiiora. 


CHAPTER  XXIV. 

OF  TASTE. 

Omu&ioiujror  Taste.^Slnct<stre  and  Fuacltonii  of  the  Tongue. — Tactile  and  GwitoHve  lifiQiomi 
of  the  TonffW. —  Complaumtary  T<ults. — Shbjtclive  Tastes. 

TnOL'OH  the  function  is  participated  in  by  oilier  portions  of  the  oral 
cavity,  the  tongue  is  to  be  regarded  as  the  organ  of  taste.  ComJiiioruffor 
The  physical  conditions  under  which  savors  are  perceived  la  '^*'*^- 
that  the  substance  shall  be  presented  in  Botution  in  water,  or,  at  all 
events,  in  the  aaliva-  From  vision,  hearing,  and  smelU  the  sonee  of  taste 
differs  in  the  circumstance  that  it  requires  tiie  contact  of  the  actijig  Ijody; 
and,  to  a  certain  extent,  the  same  distinction  which  has  been  made  re- 
garding such  substances  as  can  act  on  the  olfactory  mechanism  might 
also  be  made  here ;  that  ia  to  say,  that  there  are  two  classes  of  agents 
which  aftect  the  organ — those  which  produce  a  mere  pungent  Bensation^ 
and  those  -which  excite  savoi-s,  properly  speaking,  for  the  inititions  *nJ 
former  will  frequently  give  rise  to  specific  action  when  ap-  "avora. 
plied  to  other  portions  of  the  surface  of  the  akin. 

^Sensations  of  taste  are  very  frequently  conjoined  with  olfactory  per- 
ceptions, so  that  we  uustakc  the  one  for  the  other.  There  Conm'tiign  of 
are  many  substarees,  reputed  to  have  a  powerful  flavor,  "^^^yx^^H^^ 
wliicb  become  tasteless  when  the  nose  is  held  :  and  this  re-  la^ies. 
mark  applies  more  particularly  to  such  as  are  at  the  same  time  volatile 
and  soluble  in  water.  However,  irrespectively  of  thia,  some  of  those 
bodies  which  produce  the  most  intense  and  permanent  impression  on  the 
organs  of  taste  do  so  merely  in  virtue  of  tlieir  solubility,  as,  for  exara- 
ple»  quinine,  which  ia  a  non-volatile  body.  The  intensity  of  such  action 
depends  on  the  duration  of  contact  and  the  degree  of  exposure  of  the 
substance  to  the  tongue,  so  that  tiie  papilla;  may,  as  it  were,  become 
thoroughly  permeated. 
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The  idea  of  taafc  may  arise  irrespectively  of  the  presence  of  any  actual 
T  le  d  d  '*"^3^iiice.  A  sliarp  blow  will  produce  it,  as  abo  the  passage 
ent  on  OCI.U  of  a  fceblo  voltaic  current.  It  was,  indeed,  in  this  way  that 
'*  agcnta.  ^j^^,  f^^^^  observation  in  galvanic  electricity  was  m:ide.  A 
narrow  jet  of  uir  directed  upon  the  tongue  causes  a  taste  resembling  that 
of  saltjretre.  If  the  tongue  he  dry  and  parched,  its  power  of  discrim- 
inating tastes  is  greatly  enfeebled,  and  the  same  thing  takes  place  if  its 
temperature  is  vciy  much  changed,  eitlier  \ty  elevation  or  depi-ession, 
as  by  keeping  it  for  a  short  time  in  contact  with  Jiot  or  very  cold  water. 
The  action  of  the  tongue,  as  the  organ  of  taste,  dcpctida  npojt  the  pa- 
.  ,    pilhe  which  are  on  its  surface-     These  structures  civc  to  the 

Oicnajiiiia'of  upi>er  portion  of  the  tongue  its  rough  appearjnce.  They  are 
'**''^'  of  three  kinds:   IbL  The  conical  papillte,  which  are  tEie  raost 

nnraerous ;  2d.  The  circuni vallate  papilhe,  which  are  situate  near  the 
base  of  the  organ,  and  ivljich  are  from  -^s  ^^  ^  ^*"  *'"  ''^*^^^  "^  diameter, 
with  a  crater-like  depression,  round  the  edge  of  which  is  a  grorjvc,  and 
again  a  circular  elevation  ;  3d.  The  fungiform  papilla^  which  are  chiefly 
on  the  sides  and  tip,  their  shflpe  being  conical,  the  narrow  end  of  the  cone 
being  downward.  The  epithelium  of  the  tongue  is  less  dense  over  the 
lungjforni  papillav  and  hence  their  projecting  appearance  :  it  ia  more  dense 
over  the  conical  papilla-,,  and  projects  from  them  in  procesaes  which  pre- 
sent an  aspect  like  that  of  hairs.  Some  of  tliem  contain  hair-tubea. 
Besides  these,  the  pui-face  of  the  tongue  presents  a  papillary  structorc 
resembling  that  of  the  skin — secondary  papillin,  as  they  are  termed.  It 
is  supposed  that  tJie  conical  papillae  are  chiefly  organa  of  prehension ;  the 
others  arc  organs  of  taste,  but  tliat  function  is  participated  in  by  other 
portions  of  tlie  suriaoe  of  the  mouth,  as,  for  example,  the  soft  palatCj  its 
arches,  and  the  tonsils. 

J^iff.  207  represents  llie  surface  of  the  tongiic  and  the  adjacent  parts : 
f''^-  '■^''-  ff,  a,  lingual  papilla* ;  A,  S,  circuravallate  papil- 

la', disposed  along  two  converging  lines  ibrm- 
ing  the  lingual  V;  tS  foramen  erecum  ;  d,  d, 
fungiform  papillae;  c,  e^  filiform  papilla*;  J!, 
fl^EeI'lum  epiglotlidia  ;  ^,  epiglottis ;  A,  anterior 
pillar  of  velum;  t,  stylo-glosaus ;  I,  i.^thmus 
of  the  fauces  ;  «i,  uvula;  n,  velum  pendulum 
palati;  o,  hard  palate ;  _p,  raphe ;  y,  y,  orifices 
of  the  excretory  ducts  of  the  palatine  glands; 
r,  palatine  glands,  the  mucous  membrane  be- 
ing removed ;  a,  palatine  glandules ;  t^  mu- 
cous membrane  covering  tlie  same  glands ;  «, 
palatine  tubercle ;   v,  f,  section  of  the  lower 

Tti&  toague.  JS-W. 


n 


MERVEs  Of  the  tongue,  429 

The  org&n  of  tasle  U  placed  at  the  commencement  of  tiie  digestive  ca- 
nal; hence  the  c]iaractcrs  ot"  suhatancea  may  ba  cxamitied  UMsofthe 
with  deliberation  while  they  are  yet  under  the  control  of  the  '^"^  of  uik- 
will,  for  when  once  a  body  has  entered  the  a^sopliagns  it  is  swallowed  in- 
voiantaiilj.  The  tongtie,  thereforcT  gives  warning  of  tlic  presence  of  del- 
eterious substances,  and  in  no  small  degree  excites  the  appetite  by  receiv- 
ing the  impression  of  plcaaant  ilavora.  The  essential  condition  under 
whicii  it  acts  is  a  moist  state  of  its  surface,  for  the  dry  tongue,  thougli  it 
enjoys  conuiion  sensibility,  after  the  manner  of  any  portion  of  the  exter- 
nal tegument,  docrf  not  enjoy  taste.  One  of  the  duties  of  the  salivary 
glands  is  incidentally  to  niaintain  this  moistened  condition.  To  a  cer- 
tain degree,  taste  may  be  regarded  as  a  rctinemcnt  on  touch.  It  differs 
irom  vision  and  heaiing  in  the  peculiarity  that  there  is  no  sin-  yfrvesof  ihe 
gle  nerve  of  apeciiil  aensc  individually  devoted  to  it,  for  the  to'igi"?- 
front  of  the  tongue  is  supplied  by  the  lingual  branch  of  the  Jifth  pair, 
and  the  back  by  the  glosso-pharyngeal.  lis  entire  nervous  supply  is 
derived  from  four  difl'crent  sources :  the  lingual,  the  hypoglossal,  the 
glosso-pliaiyngeul,  and  the  aym pathetic,  representing  tJierefore  special 
sensibility,  nmscular  motion,  common  sensibility,  and  sympathetic  rela^ 
tion.  Tliat  the  hypoglossal  is  the  nerve  of  motion,  or  muscular  nerve,  ia 
proved  beyond  doubt  by  its  section,  at'ler  which  the  motions  of  the  tongue 
are  destroyed,  but  taate  and  touch  remain.  The  individual  dutj'  dis- 
charged by  the  gloss o-pharyngeal,  and  the  lingual  branch  of  the  fifth  pair 
respectively,  is  not  so  clearly  determined.  8ectioii  of  the  former  is  at- 
tended with  loss  of  ta^te,  tliough  it  is  not  yet  proved  that  there  is  a  Joss 
of  all  kinds  of  taste.  If  the  lingual  branch  of  the  fiftli  be  divided,  com- 
mon sensation  at  the  tip  of  the  tongue  is  destroyed,  and  there  is  evidence 
tliat  with  this  the  appreciation  of  certain  tastes  disappears.  The  glosso- 
pharyngeal is  di-«tributcd  to  the  circunivallatc  papilla-,  and  it  is  said  that 
in  some  birds  the  lingual  is  suppressed.  Upon  the  whole,  therefore,  it 
may  be  concluded  that  these  nerves  arc  conjointly  engaged  in  the  sense 
of  taste,  the  glosso-pharyngoal  being  engaged  with  those  flavors  which 
affect  the  back  part  of  the  tongue,  the  lingual  with  those  which  affect 
the  tip. 

Illustrations  of  the  tlistribution  of  tiie  hypoglossal  nerve  have  already 
been  given  in  its  description,  under  the  title  of  the  twelfth  pair. 

The  surface  of  the  tongue  presents  the  tactile  and  gustative  powers  in 
an  inverse  manner.  Examined  by  the  method  described  in  Tuctilc  *nd 
the  chapter  on  touch,  the  compasses  must  be  opened  to  a  great  ^["on^'onhe 
extent,  as  we  pass  from  the  tip  toward  the  back  of  the  tongue,  tongue. 
in  order  that  a  double  impression  may  be  perceived.  This  condition  ap- 
pears to  be  in  accordance  wilh  the  requirements  of  the  organ,  common 
tactile  sensibility  being  most  necessary  at  its  outer  e^tremityt  and  this 
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grnduallj  passing  off  into  tlic  refineinent  ot'  taste.  The  action  of  any 
given  substHiicc  may  be  increased  by  motion  and  pressure,  as  when  it  is 
rolled  over  tlie  toiigue,  or  held  tiiereby.  Its  sense  of  discrimination  may 
be  rendered  more  acute  by  education. 

As  with  the  organs  of  the  otiicr  senses,  so  with  this,  an  impression 
Dm^iiota  ftf  made  upon  it  does  not  instantuneously  cea&e,  but  reinains  for 
uutfis.  a  ccrlain  period  of  time,  indeed,  in  this  instance  longer  than 

in  those*  Hence  many  fiubstancee  acting  in  rapid  succession  give  rise 
to  a  confused  effect,  though  it  is  eaid  that,  out  of  guch  intermingUngs,  an 
ficcomplisbed  epicure  can  fasten  hl^  attention  on  one,  and  continue  to 
recognize  it  just  as  wc  recognize  and  follow  the  sound  of  one  instrument 
in  an  orclieatra*  Ko  esplanotion  has  as  yet  been  given  of  the  mann^ 
of  action  of  different  tastes,  though  it  is  asserted  that  Bome  act  upon  one, 
and  some  upon  another  set  of  the  papilhe.  After-tastes  are  also  observed, 
Complomont-  which  are  occasionnlly  of  a  complementary  kind,  as,  for  in- 
an- tflsii?s.  stance,  tl]c  intensely  bitter  taste 'of  tannin  is  followed  by  a 
aweetnesB.  These  after  effec'.s  modify  the  taste  of  substances  which  may 
be  taken  while  they  last.  They  therefore  form  an  ample  subject  for  the 
profound  contemplation  of  the  epicure,  and  should  occupy  the  serious  at- 
tcnlioii  of  the  cook.  They  may  be  illustrated  in  a  general  manner  by  the 
injurious  effect  of  sweet  substances  upon  the  flavor  of  delicate  wines. 

It  has  been  mentioned  that  the  passage  of  a  voltaic  current  tlirongb 
rKTiriiaj  and  *^^*^  tonguc  causcs  an  alkaline  or  acid  taste.  Some  expcri- 
'ubjDctivo  mcnters  deny  the  coiTectness  of  this  statement,  and  assert 
that  the  impression  is  merely  metallic.  The  eflect,  Iiowcvct, 
depends  upon  the  intensity  of  the  enrrent  employed,  or  on  the  nature  of 
the  pieces  of  metal  used.  If  I  he  current  has  power  enough  to  dccom- 
jmse  the  salts  of  the  saliva,  acid  or  alkaline  tastes  will  lie  detected,  ac- 
cording as  the  direction  of  the  current  is  made  to  vary,  and  the  acid  or 
rdkaliiie  body  is  disengnged  on  the  upper  or  under  side  of  the  tongne. 
Subjective  tastes  arise  in  diseases  of  the  nervous  centres,  but  these  are 
ofteti  rendered  obscure  by  the  exudations  and  furred  condition  of  the 
tongue.  Dogs,  into  the  blood-vessels  of  which  milk  has  been  injected, 
Iiave  been  observed  to  lick  their  lips ;  and  from  this  it  has  been  inferred 
that  llie  presence  of  sTibstanccg  artitictally  introduced  into  the  circulato- 
ry current  may  be  detected  by  the  organ  of  taste. 
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CHAPTER  XXV. 

OF  ANIMAL  MOTIOX. 

Cl^artf  and  MiiS(xiar  Motion.-'— DrKcriptian  of  Ci/ia  ami  ihr  Mmrntr  of  Afdem. 

Mutaiiuf  Fiitn ;  its  Forms.  S'<in-gtriaif<!  nnt{  Slnaloi. — Mtiscte  Juke. — Mitntter  of  Cbnlraetion 

g/'ci  Mttnrlp!  its  mpiilif  t'f  Hlixid-reMeL  nrtti  Ntrvts.—It&  C^em'unl  dmn^e  during  A  ciirifi/.— 

Itt  Hist  of  T'^juffrt't'iirr, — KjffWt  'if  J^!er(ri<.-ai  ('arn-Mx, — lM*raS\on  of  Contniflilitif, 
Jtorfn'ie  t/uxl  .l/iMt/c  Contnirfion  m  thf.   rtmlt  iij'  Mtisiii!.  Iiisijileffrul'\ai\.  —  ^/iinnfr  in  ii-hiih  nrdi- 

mtrji  C'ohesioa  it  brought  into  play. — J/onner  o/'  Heatoraiioa. — liemoval  of  the  Heal  and  Oii- 

(&t(i  liodii*, 
Ai^r  AforU'M. —  Canm-cti&n  ofAfturie/or  Loattn&lim. —  Of  StantHn^.^WaUiiap. — Rwming. 

It  was  formerly  Iieid  that  animals  arc  distinguished  from  plants  by 

the  possession  of  ihe  power  of  locomotion,  a  doctrine  wliich 

'  ,  -^  ,    ,  .  IT        AnimiLlmDtioii. 

can  now  no  longer   be  rpgarded  as  trup.      It  was  also  bc- 

lieved  that  the  niuscuJar  movements  of  Animals  are  due  to  the  influence 

of  the  nerves^  and  that  a  muscular  fibre  contracts  only  when  stimulated 

to  do  so  by  a  nerve,      Tliis  Jnakc:^  llic  pos.-^ession  of  a  nervous  aysteni 

Gssentitil  to  the  inotions  of  aninialf?.     These  doctrines  also  are  erroneous- 

Animal  motion  is  of  two  different  kinds:    1st.  It  is  accompJislird  by 

vibrating  cilia  j  2d-  By  the  contraction  of  cells  arranged  in  the  form  of  a 

fibre. 

OF  CILURT  HOnOK. 

The  epithelial  cells  of  the  rylindrical  and  of  the  tes&eliited  kind  are 
occasionally  arranged  with  delicate  projecting  stria?  on  their  DeBcriBtion  of 
iree  extremities.  The  lengtii  of  these  varies  from  the  ^\-^  c'li'v  ai^A  their 
to  the  -y^^jj-jj  of  an  inch.  These  sfrifE  are  termed  cilia,  and  ™^^'''^""  ■■ 
the  cells  are  said  to  Ije  ciliated.  Example.**  are  presented  by  tht;  mucous 
Fin  2(B.  membrane  of  the  respiratory  suri'ace  and  of  the  nasal 

ca\'itie3 ;  an  illustration  is  given  in  J^/^-.  208.  The 
cilia  may  l>e  regarded  as  prolongations  of  the  cell  wall 
itself.  They  exhibit  a  vibrating  motion  back  and 
forth,  which  recalls  the  movements  of  stalks  of  grain 
in  a  field  us  the  wind  is  passing  over  it,  the  cars  bend- 
ing down  and  rising  again  in  the  breeze,  and  ttjrowing 
the  whole  surface  into  waves.  The  cilia  also  exhibit  a  movement  like 
that  known  as  the  fe^athering  of  an  oar,  or  sometimes  as  turning  round 
npon  the  pomt  of  attachment,  as  npon  a  centre,  giving  riae  to  a  sort  of 
conical  motion,  the  free  end  describing  a  circle.     These  motions  &eem  to 
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be  perfectly  involuntary,  for  they  not  only  take  place  long  after  dc^tli, 
but  even  in  detached  portions,  the  ciliary  cell  being  uninjured  and  entire. 
The  seats  of  ciliary  action  are  always  moistened  surfaces.  The  condi- 
tion for  the  continnanM  of  the  motion  after  death  is  accordingly  that  the 
surface  shall  be  kept  moist,  but  it  is  algo  necessary  that  a  certain  tem- 
perature should  be  observed^  which  in  warm-blooded  animals  must  not 
fall  below  42^*  F,  Even  after  the  motion  has  completely  ceased,  a  solu- 
tion of  carbonate  of  polash  re-cxcites  it,  but  thia  docs  not  take  place  with 
ammonia,  because  it  injures  the  ciliated  cells. 

Ciliary  motion  is  independent  of  nervous  agency.  The  control  of  tem- 
perature and  of  chemical  reagents  over  it  shows  that  it  is  of  a  physical 
nature. 

In  tlie  lower  orders  of  life  ciliary  movement  ia  relied  on  both  for  the 
Uses  of  ciliary  purposcs  of  loconiotion  and  prehension.  j?(^,  «m. 

moLioK.  ^;-^_  203  illustrates  tliis  in  the  case  of 

a  vorticella,  the  upper  edj^e  of  wJiich  shows  bucIi  a 
mechanism.  It  is  often  etated  that  in  the  higher  an- 
imals the  object  is  to  determine  a  movement  of  the 
liquid  which  moiatcns  the  ciliated  cells  in  the  direc- 
tion of  the  outlet  of  the  ttibe,  or  other  surface  which 
they  line.  In  this  way  the  action  of  the  ciha  may 
tend  to  the  expulsion  of  material  from  the  air-cells 
of  the  lunga  into  the  bronchial  tubes.  In  reptiles, 
whose  uviiiary  tubelcts  ate  furnished  with  this  mech- 
anism, the  ficcretion  may  be  urged  thereby  in  the  proper  direction. 

TJie  contractile  tissue  whicli  enables  such  animals  as  tlie  hydra  {I^g. 
P   .        .  210)   to  execute  movements  of  pi"ehension  and  locomotion 

conirnciiie  [is-  may  perhaps  be  regarded  as  the  mdimcntary  state  of  the 
'"*■  structures  next  to  be  described.     The  annexed  skctcli,  from 

ffp-aio.  Tremblcy,  illustrates  the 

manner  of  progression  of 
this  animal.  No  trace  of 
a  proper  muscular  iibrc, 
and  none  of  a  nervous 
Hyto  wiiidng.  system,  have  hitherto  been 

detected  in  it. 

Of  Muscular  Motion. 

The  muscular  system  i!Onsists  of  muscular  fibrea,  tendons,  bones,  to- 
gether with  various  accessory  parts,  such  as  ligaments,  sbeatlis^  bursa 
raucosfp,  synovial  capsules,  fascia.  Its  action  deixjnds  on  the  primary 
fact  that,  under  appropriate  iniluences,  muscular  fibre  shortens. 

Each  voluntary  muscle  consists  of  a  collection  of  fasciculi,  which  ex- 
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hibit  the  characteristic  appearancf 
of  transverse  striu.tion,  as  in  thr 
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photograph  of  muscular  stnicture  of  the  frog  {Fi{j.  211).   voi,jn(4ryroiis- 
The   primfiry  fasciculi  are   cDllected  into  larger   bundleSj  cuiBrCaackuii. 
secondary  muscular  fasciculi,  lield  together  by  connective  tissue,  and 
these,  agpin,  into  still  larger,  the  tertiary, 

The  primitive  fasciculus  is  enveloped  in  a  delicate  sheath,  the  sarco- 
lemma,  as  shown  in  I'lg,  212,  in  which  the  fasciculus,  though  torn  across, 
is  held  together  by  the  Barcolfmnra.  The  specimen  is  from  the  human 
muscle.  J^'kj.  213  is  a  good  representation  of  the  same  fact.  It  is  given 
by  Todd  and  Bowman  from  the  skate.  The  sarcolemma  is  a  delicate 
membrane,  whicb,  thaugh  of  great  tenuity  in  man,  may  be  made  visible 
by  the  action  of  acetic  acid  or  alkalies.  Within  the  sarcolemma  the 
primitive  fasciculus  ia  seen  to  be  composed  of  many  parallel  fibrils, 
which  may,  by  maceration  or  chemical  agents,  be  separated  from  one  an- 
other. These  fibrils  preaent  a  beaded  aspect,  and^  since  their  constituent 
elements  are  arranged  side  by  side  in  parallel  planes,  they  nnmsK  mua- 
give  to  the  fasciculus  the  appearance  of  striation  it  presents.  ^"^^^  '^^"'^ 

The  longitudinal  striation  of  the  fas- 
cifultis  arises  from  the  fibrils  them- 
selves. Here  and  there,  in  the  inte- 
rior of  the  sarcolemma,  nuclei  occur  ir- 
regularly, and  with  them  fat  granules. 
The  fibrils,  with  the  fat  and  a  liquid, 
fill  the  sarcolemma,  without  leaving 
any  central  canal  or  hollow  asiis. 

Fig.  214  is  a  photograph  of  ulti- 
mate muscular  fibre  of  the  pig,  irom 
one  of  Mr,  Lealand's  preparations.  The 
rectangular  form  of  the   conatituent 
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probably  by  reason  of  a  twist,  tension,  or  undue  strain,  a  spiral  appear- 
ance is  presented  ;  c,  c  are  tlie  primitive  fascicuJi. 

A  fluid  Hurroimds  the  fibres  of  striped  muscles,  and  the  fibre  cells  of 
smooth  ones,  which  is  wholly  different  from  the  plasma  of 
the  blood.  The  experiments  of  Schultz  show  that  this  fluid 
contains  a  large  amount  of  casein,  a  condusion  of  considerable  import- 
ance, -since,  if  there  were  any  doubt  of  the  occurrence  of  that  substance 
Id  the  blood,  this  fact,  at  all  events,  renders  it  certain  that  the  mammary 
gland  is  not  necessary  to  its  formation.  That  tlie  substance  thus  occur- 
ring ifl  euaein  is  proved  by  the  action  of  rennet. 

Muscle  juice  undoubtedly  arises  within  the  sarcolemma  tlirough  which 
it  exudes*  Each  fibre  therefore  presents  four  objects :  the  eyntonin,  the 
nucleus,  the  sarcolemma,  and  tlie  muscle  juice.  That  tlie  muscle  juice 
arises  in  part  from  the  functional  activity'  of  the  fibre,  and  is  immediate- 
ly derived  from  the  waste  of  its  syntonin,  and  tliat,  in.  its  turn,  the  syn- 
tonin  is  closely  allied  to  the  substance  of  the  nucleus,  is  shown  by  tlieir 
exhibiting  almost  tlie  same  chemical  reactions  witli  alkalies,  acids,  etc^ 

The  sarcolemma  is  not,  however,  filled  mth  syntonin  j  it  contains  be- 
sides, as  stated  above,  &  certain  quantity  of  fat,  as  may  be  demonstrated 
by  removing  from  the  sarcolemma  its  syntonin  by  acids,  when  a  granu- 
lar material  will  be  left.  TJmt  tliis  is  fat  is  proved  by  its  solubility  in 
aulpEiuric  ether. 

The  sarcolemma  does  not  belong  to  the  protein  class  of  bodies,  but  is 
Stredem-  rather  analogous  to  elastic  tissue.  The  color  of  mciscle  appears 
"^^  to  be  not  so  much  due  to  the  blood  as  to  a  special  pigment, 

which,  perhaps,  adheres  in  a  free  state  to  the  fibrils.  The  muscle  juice 
contains  relatively  far  inoro  potash  salts  and  phosphates  than  the  blood, 
as  h  shown  by  the  following  table  trom  Licbig. 

For  one  hundred  parts  of  soda  there  occur, 

In  the  ticn,     40.S  of  potash  in  the  b^ood,  and  ^81  in  tlio  muscliB  juice. 
"       ox,         n.9  '^  "  "  279  "  " 

'•       bQPW,    3.5  "  "  "  285  "  " 

"       fox,        —  "  "  •<  214  "  " 

"      piko,      —  "  "  "  497  "  " 

It  is  commonly  stated  that  musctdar  motion  is  accomplished  by  fibres 
Tiro  forms  of  "f  ^'•^'^  different  kinds:  1st.  The  simple,  non^striated,  un- 
nuiftciiiar  sthped,  or  organic  fibre ;  2d.  The  striated,  striped,  or  volun- 
strialedind  tary  fibre  just  described.  Though  this  subdivision  may  be 
strwteii-  convenient,  it  can  scarcely  be  regarded  as  accurate,  since  the 
former  variety  passes  by  insensible  de^eea  during  development  into  the 
latter,  and  cases,  indeed,  are  not  wanting  in  which  the  same  faacicutus 
presents  in  different  parts  both  conditions  at  once. 

The  non-striated  muscular  fibre,  J*'iff.  215,  consists  of  translnceut  bands 
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of  a  soft  granular  material,  varying  from  tiie  ^^5  to  ^^-^  of  an  inch  in 

Pvi.  JIB.  Fig.  an. 
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breadth,  and  exliititing  liere  and  there  the  traces  of  j.-oii-sirit- 
nuclei,  particukrly  after  the  fibre  hag  been  acted  on  by  '^"^  ^^'^^ 
acetic  acid,  as  ia  sliown  in  J'l'ff.  216.  Each  fibre  may  be  re- 
garded 83  an  arrangement  of  nucleated  cells,  the  nucleus  b^ 
irg  of  a  cylindroid  or  spindle  form*  The  contractile  content 
within  ia  syntonin.  Non-fitrinted  fibre  ia  not  uaualJy  attach- 
ed to  fixed  points,  as  to  bone,  but  by  being  collected  into  par- 
allel bundles,  different  bundles  interlacing  with  one  anofherj 
contractile  planes  or  surfaces  are  formed,  such  as  the  cylindri- 
cal coat  of  muscular  stmctnre  of  the  digestive  tube,  or  the 
contractile  layer  of  the  urinary  bladder.  Similnr  fibreSt  ira- 
bedded  in  the  skin  and  connective  ttasues,  communicate  to 
them  thc!  quality  of  corrugation  or  contractility.  The  fascic- 
uli are  bathed  externally  with  an  acid  juice,  characterized  by  con- 
taining salts  of  potash,  pfioaplioHc  acid,  creatine,  and  inosite,  Thc 
general  appearance  of  fibre  cells  of  this  class  ia  given  in  I'^iff.  217: 
a  is  from  tlie  small  intestine  of  man  ?  A,  from  the  fibrous  invest- 
ment of  the  spleen  of  the  dog.     (Kollikcr.) 

Contractile  fibre  cells  present  the  following  reactions:  Acetic 
aicid  causes  thc  fibre  to  swell,  and  makes  the  nucleus  more  Contractile 
visible;  it  occasions  a  complete  dissolution  when  in  a  '''"*'*'=i»- 
concentrated  slate*  Dilute  hydrodiloric  acts  in  a  similar  manner, 
the  effect  in  this  instance  being  the  same  with  the  fibres  of  both 
smooth  and  striped  muscle.  Tlie  examinations  thus  far  made  have 
shown  no  difference  in  ultimate  composition  between  tlieae  forms. 
The  striated  muscular  fibre  consists  therefore  of  fasciculi,  with 
an  elastic  investment  of  sarcolemma,  collected  into  bundles,  striiited 
and  invested  with  perimysium.    The  contractile  constituent  ^^"'- 
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IB  Bjntonin ;  and  though  the  general  rule  is  that  the  primitive  bandies 
shall  run  isolatedly  and  parallel  to  each  other,  in  certain  casca  thej  anas- 
tomose, Fig,  GO,  In  ita  ultimate  construction,  the  form  of  fibre  may  br 
regarded  ae  consisting  of  a  series  of  cells,  as  shown  in  Fig,  214,  the  di- 
ameter of  which  varies  according  to  the  actual  condition  of  the  muscle, 
whether  it  is  in  the  contracted  or  relaxed  .itate,  but  which  may  be  taken, 
on  an  average,  at  the  jn,  j^^^,  of  an  inch.  The  cells  are  placed  end  to  end, 
die  boundary  walls  upon  the  end  presenting  the  appearance  of  a  delicate 
transverse  line.  Each  cell  consists  of  two  portions,  a  4;entraJ  spot  and 
a  pellucid  border.  The  pellucid  border  ie  considered  by  Dr.  Carpenter. 
wbose  views  of  muscular  structure  we  are  here  presenting,  to  be  the  cell 
wall,  the  central  space  being  the  cavity  of  the  cell  filled  with  some  highly 
refracting  substance.  Dr.  Carpenter  speaks  of  the  central  spot  as  dark; 
an  inspection  of  the  photograph,  Fig.  214,  proves  that  it  may  be  liglit  If 
exactly  in  focus.  When  the  fibril  is  in  a  relaxed  state  the  longest  axis 
of  each  cell  coincides  with  the  length  of  the  fibril,  but  when  contraction 
occura  this  axis  shortens,  and  a  shortening  of  the  entire  fibril  is  the  re- 
sult. A  number  of  these  fibrils,  placed  side  by  side,  constitute  a  tascicu- 
lua ;  indeed,  there  may  be  many  hundjcda  of  them  thus  bound  together. 
When  such  a  fasciculus  is  forcibly  ruptured  it  presents  different  appear- 
ances, according  as  the  ends  or  sides  of  its  constituent  cells  have  cohered 
most  strongly  together.  If  the  lateral  cohesion  is  weakest,  tlie  fascicu- 
lus tears  into  its  constituent  fibrils,  as  was  shown  in  Fig.lW^  but  if  the 
end  cohesion  is  the  weakest,  it  will  tear  into  discs  or  plates,  as  in  Fig. 
J^«6.  218,     The  fasciculus  is  thus  a  bundle  of  fibrils,  its 

diameter  varying  very  greatly,  and  being,  in  man, 
from  the  2-Ji5  to  the  ^-J^  of  an  inch;  in  females  it 
is,  on  an  average,  smaller.  Each  fibril  is  a  linear 
series  of  coalesced  cells.  The  cells,  aa  they  form 
the  fibril,  lose  their  rounded  and  assume  a  rectiin- 
^^^^  '  ^ar  appearance,  as  shown  at  a,  a.  Fig.  214.  It 
indiau.  therdore  appears  that  each  nbril  must  have  its  own 

investing  sheath,  the  representative  of  the  walls  of  the  little  cells  which 
have  coalesced,  and  this,  though  not  usually  admitted  by  anatomists,  ap- 
pears plainly  in  the  photograph  from  which  that  figure  is  takem  In 
length,  muscular  fasciculi  vary  from  the  sixth  of  an  inch  to  two  f«t. 
The  larger  animals  furnish  sotue  that  are  even  tnuch  longer.  The  nor- 
mal form  is  doubtless  cylindrical,  but  this  is  constantly  departed  from, 
each  accommodating  itself  to  the  pressure  of  the  adjacent  ones.  The- 
sarcolemma  serves  as  a  partition  between  its  included  fibrils  and  the  cap- 
illary blood-vessels  and  nerves,  which  imbed  themselves  in  the  rounded 
angular  spaces  between  adjacent  bundles.  The  cross  section  of  a  por- 
tion of  muscle  shows  the  manner  in  which  the  sarcolcmma  and  the  fibres 
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are  arranged.     J^ig.  219  ia  from  the  human  biceps,  and  I^g.  220  from 

Fin.  ?1S.  Fi^.  <!!0. 


Tr&oavKTK  BccUon  nt  iiiUKle  ol  UaI, 


TmUiifH  KcUoQ  of  hmutn  iuiiicli>.   jTp- 

MoKTilsr  raa-  »he     pecioral  '^}^j^ 

*^™l'-  muscle  of  the 

teal.     Since  it  is  in  the 

interspaces  between  the 

roanded    fasciculi    that 

the  blood-veasclB  lie,  the 

tissue  is  more  vascular  aa  its  fasciculi  are  of  less  diameter. 

It  has  already  been  stated,  in  connection  with  }>'ig.  211,  that  the  stri- 
ated fbnn  of  muscular  (ibre  derived  its  name  from  the  circumstance  that, 
when  examined  by  a  sufficiently  high  power,  it  appears  to  be  croascd  by 
delicate  transverse  lines,  the  lopgitudinal  separations  between  the  fibrils 
being  also  visible.  This  is  seen  in  the  specimen  of  insect  muade  repre- 
aented  ia  the  photograph,  I'^ig-  221,  and  under  a  atiil  higher  magnifyinp 


Fi't.  ?-?l. 


J^ff.  MS, 


power  in  that  of  Fig.  222.     The  dis- 
tance  between  the  transverse  atri;e  va- 
ries witli  the  condition  of  the  mu&de, 
but  on  an  average  it  is  represented  as    UM-miriu«ted  iju^^ui^uii,  mMniflBii  soo 
being  about  the  -§^(^  of  ati  inch-   Many  "m^'ta™ 

more  striae  arc  crowded  together  wiien  contraction  takes  place,  and  they 
retire  &om  each  other  aa  soon  as  relaxation  occurg. 

It  is  said  that  the  voluntary  muscles   contain  in  their  muscle  juice 
more  acid  than  ia  enough  to  neutralize  all  the  alkali  of  the 
blood.     The  electro-chemical  relations  of  this  interfascicular 
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acid  juice  and  the  alkaline  plasma  of  the  blood  are  doubtleaa  the  cause 
of  the  production  of  those  electric  currents  which  have  been  demonstrated 
in  the  muscles.  It  does  not  follow,  therefore,  that  these  currents  occur 
in  the  natural  state :  they  may  be  the  result  of  the  experimental  ajrange- 
ment  for  their  own  detection,  since  it  has  long  been  known  that  an  acid 
and  an  alkaline  juice,  separated  from  each  other  by  a  conducting  organic 
body,  will  form  an  efl'ective  voltaic  circle- 

Of  the  contractile  element  of  muacular  fibre,  ayntonin,  it  may  be  re- 
marked that  it  can  be  dissolved  by  the  aid  of  dilute  hydrochlo- 
ric acid,  and  that  it  differs  from  fibrin  of  blood  not  only  in  tliat 
respect,  but  also  bath  in  its  nltimate  composition  and  pljysical  and  chem- 
ical qualities.  In  certain  cases  it  seems  to  degenerate  into  fatty  sab- 
stance.  In  the  growth  of  a  muscle,  the  constituent  librils  increase  in 
number  and  in  length,  their  diameter  remaining,  however,  nearly  the 
aame  as  in  the  early  periDda  of  life.  The  thickening  of  a  muscle  is, 
thereforcT  not  bo  much  due  to  the  thickening  of  its  constituent  fibriia  as 
to  their  increase  of  number. 

The  contraction  of  a  muscular  fibre  doea  not  take  place  throughout  its 
„  ,         whole  length  at  once  ;  it  generally  begins  at  the  end,  a  cluuigc 

iraciioci  of  ■  of  aspect  arising  from  the  approach  of  the  opaque  centres  of 
muBc  e.  ^^^  cells  to  One  another,  and  this  occurring  simuhaneously 

across  the  whole  fibre.  Thia  approacii  may,  however,  ensue  in  dificrcnt 
parts  of  the  length  at  the  same  time,  the  sarcolemma  being  raised  up  in 
bulla;  as  the  contraction  takes  place.     This  effect  is  shown  in  ^7y.  223, 


in  which  the  thickened  portion  of  the  contracted  middle  space  of  the  mus- 
„^  c3e  is  surrounded  with  tlie  sarcolem- 

mic  bulla;.  The  same  is  demon- 
strated in  -FiV?.  224,  which  repre- 
aents  the  border  of  a  muscular  fas- 
ciculus in  a  young  crab,  with  a  spot 
of  contraction,  and  the  aarcolcmmu 
elevated  along  the  edge.  In  these 
cases  the  contraction  is  brought  on 
by  the  action  of  water,  which,  in 
some  measure,  may  exaggerate  or  disturb  the  phenomena,  ^i^-  225 
exhibits,  under  the  same  circumalances,  a  fasciculus  from  the  eel,  a  being 
ike  uncontractedf  b  the  contracted  part,  on  the  edge  of  which  the  Barco- 


ttafcolemnu.  railed  lu  bollK. 
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jjvp.  29R.  lemma  is  again  raised  up.     The  two 

latter  illuHtrationg  are  from  Todd  and 
IJowman, 

Different  portions  of  the  length  of 
tlie  fibre  assume  this  condition  at  dif- 
^^^^™  t'erent  momenta,  and  hence  the  whole 
F^eoLu.  «,dtt«iL.g.  structure  is  tlirown  into  a  form  which 

recalls  the  motion  of  a  ivorm.  Tlie  zigzag  appearance  pointed  out  Ly 
Prevost  and  Dumaa  ariaea  from  the  circumstance  that  when  relaxa- 
tion of  the  fibre  occurs  all  its  parts  are  not  brought  at  once  into  the 
same  state,  but  while  some  are  contracted  others  are  in  the  opposite  con- 
dition. A  muacle,  during  its  contraction,  appears  to  have  nearly  the 
same  solid  dimcnsiiuhd  which  it  had  duritig  its  relaxation.  ThiA  has  led 
to  the  deceptive  conclusion  that  whatever  it  has  lost  in  length  it  lias 
gained  in  thickness.  There  must,  however,  be  a  diminution  correspond- 
ing to  the  recogniKcd  amount  of  waate,  for  it  is  well  known  that  destruc- 
tion of  a  portion  of  its  ti3.>^^e  is  the  essential  condition  of  the  activity  of 
a  muscle.  The  various  degrees  of  energy  with  wliich  the  contraction 
tafcc3  place  at  ditTcrent  times  is  to  be  explained  not  so  much  by  the 
more  or  leas  energetic  aliorfcning  of  the  cells  as  by  the  varying  number 
of  fibres  irbich  are  simultaneously  contracting,  or  by  the  diflerent  frac- 
tional portion  of  each  which  is  going  into  action  at  once*  As  the  mus- 
cular effect  is  more  energetic^  so  will  the  sense  of  fatigue  be  more  speedy, 
for  while  one  fibre  is  acting  another  is  resting,  and  the  same  remark  ap- 
plies to  different  parts  of  even  the  same  fibre.  It  is  to  this  reciproca- 
tion of  motion  that  the  sound  usually  emitted  while  the  muscle  is  in  ac- 
tion^  &  low  ringing  sound,  is  to  be  attributed. 

Striated  muscde  is  often  attached  to  bone,  or  other  suhstatice  on  which 
it  has  to  e.\ert  its  mechanical  power,  by  intervening  fibrous  j|(,,g(.j„  u 
tissue  constituting  tendon.  These  fibres  are  collected  in  ed  lo  Lods  by 
groups,  so  as  to  pre^^ent  primary,  secondary,  and  tertiary  fas- 
ciculi. The  tendinous  fibres  are  brought  in  relation  with  the  sarcolera- 
ma,  and  thos  form  a  sheath  connected  with  adjacent  ones  by  other  de- 
tached fibres.  These  may  bo  considered  as  converging  tVoni  all  parts  of 
the  muscle  to  its  extremities,  and  t!ius  giving  rise  to  its  tendon.  In 
'*'  »2ii.  some  instances  the  muscular  fibres  attach  thera- 

;-clves  to  the  side  of  the  tendon,  which  does  not 
then  undergo  subdivision. 

From  t!ie  peculiar  structure  of  muscular  tis- 
sue, the  capillary  veaseb  which  are  distributed 
to  it  must  run  in  a  direction  for  the  most  part 
parallel  to  its  fibres,  aa  in  /Vy.  22G,      Tliei]' 
DiKribuiioa  vf  mii*cuiiir  «piLiarieiL  mode  of  branching,  transverse  and  longitudinal, 
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is  ahoTvn  in  Fig.  227,  a  being  the  artery,  b  the 

Difiribaucn  of  ^^'">  ^>  capillary  plexus.  Each  ar- 
Hood-vcsselsw  tcrial  branch  has  usually  two  vense 
"'"'^ "'  comitcs,  and  the  supply  of  these 

capillaries  has  a  general  correspondence  to  the 
number  of  fibrils.  The  lyiuphaticH  arc  not  Tiu^ 
merous.  Vascular  distribution  to  the  tendons 
IB  much  more  aparing.  By  the  muscular  blood- 
vessels a  triple  fiinction  haa  to  be  discharged : 
they  furnish  oxidized  blood,  on  which  the  action 
of  the  muscle  depends ;  they  remove  the  waste 
which  arises  as  the  consequence  of  that  activity ; 
they  also  repair  tiiat  wasle  by  presenting  tiie 
elements  of  nutrition.  TJie  younger  Liebig  has 
demonstrated  that  a  rauscle  can  not  contract  ex- 
cept it  be  furnished  with  oxygen,  aud  that,  as 
long  aa  the  capacity  Ibr  contraction  continues,  it 
absorbs  oxygen  and  j'ields  carbonic  acid. 

In  the  same  general  manner  that  the  blood- 
ve&seh    arc    distributed,  so    likewise    are   the 
An  example  of  this  ia  seen  in  Fig.  228. 


nerves. 


They  never  penetrate 


DLstri^ulionof 
nerves  (o  iims- 
cle. 


¥i^  WL 


the  flarcolcmma, 

but  run  in  close 

contiguity  with 
it,  their  distribution  to  dif- 
ferent parts  of  the  fasciculi 
being  very  unequal,  some 
parts  being  quite  scantily  fur- 
nislicd,  the  nerve  filaments 
coming  in  contact^  aa  it  were, 
at  occasional  points.  The 
opinion  is  generally  maintain- 
ed among  physiologists  that 
the  nerves  present  toward 
their  extremities  a  looped  arrangement,  as  shown  in  Fig.  228,  but  by 
some  Lt  is  asserted  that  the  termination  is  in  an  cxtrcnicly  delicate  point, 
or  bilid,  or  trifid,  without  exhibiting  any  return.  Of  the  two  forms  of 
muscular  tissue,  the  striated  is,  for  tlie  most  part,  supplied  &om  the  «;re- 
bro-spinal  system,  the  non-striated  from  the  sympathetic. 

The  manner  of  development  of  muscular  fasciculus  seems  to  be,  that 
Dewlopment  the  sarcolemma  is  first  produced  as  a  thin  and  delicate  tube 
gf  miMcle.  jjy.  jijg  coalescence  of  cells  arranged  hnearly,  the  walls  of  which, 
where  they  come  in  contact  at  the  ends,  are  obliterated,  giving  origin  to 


UUmtiUIK'ii  vl  tUIIKUlU'Tll^n'eB. 
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an  elongated  band.  A  granular  malerial  tlien  accupiea  the  interior  of 
the  lube.  Viewing  the  sfircolemTna  as  the  sum  of  the  coalpswd  cell  walls* 
the  fibrils  are  to  Ik  regarded  as  a  development  from  the  granular  cell  con- 
tenta.  Tliej  form,  by  a  Bort  of  endogenous  process,  from  witlmut  to 
within.  The  nuclei,  as  has  already  been  remarked,  are  on  the  inner  aur- 
&ce  of  the  sarcolemnia,  and  not  i^-ithin  the  cells.  The  structure  is  not 
evident  nntil  after  the  end  of  the  aecond  month  of  ffrtal  life,  but  by  the 
fourth  month  it  has  so  niLLcli  advanced  that  the  muscle  Bssumes  a.  pale 
red  aspect;  the  tcndona,  which  have  already  begun  1o  be  distinctly  dif- 
fcrfinliated,  are  gray.  At  birth  the  structuire  Ims  become  so  far  com- 
pleted that  the  iilires  can  be  isolated.  The  condition  wliicli  the  non- 
sttiated  fibre  presents  is,  therefore,  that  beyond  which  the  striated  fibre 
has  pasaed,  and  in  tiiis  respect  the  former  may  be  regarded  as  an  embry- 
onic state  of  the  latter.  In  some  inacct  mu3clea  an  instructive  interme- 
diate condition  is  seen;  fibres  may  be  found  striated  toward  the  middle, 
and  non-striated  at  tlie  cnda,  as  though  imperfectly  developed.  The 
thoracic  muscles  of  inspcta,  wlncli  offer  a  beautiful  example  of  muscular 
Htructure,  are  not,  however,  to  be  regarded  as  presenting  primitive  fibrils. 
hut  rather  non-dbrillatod  primitive  bundles.  This  I  consider  to  be  the 
case  with  the  H|jecinien3  from  which  the  photogrnphs,  ^/'(js.  221,  222^ 
were  taken.  Though  not  po  apparent,  nuclei  cxiat  in  the  striated  fibre 
even  of  adult  life,,  and  discharge,  an  autivo  function.  At  this  period,  the 
increase  of  thickness  of  the  muscles  is  to  Iw  attributed  to  an  increase  in 
the  nnmber  of  IJie  contained  tibrila,  wliich  individually  have  about  the 
same  dimensions  as  before  birth. 
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The  result  of  the  chemical  change  which  muscular  fibre  undergoes  dur- 
ing the  periods  of  its  activity  is  eventually  manifested  by  the  rti.m.Jpiil 
appeilKinee  of  carbonic  acid  and  urea,  and  also  salts  of  sulpliuric  -n^^Sivlty 
acid,  the  two  latter  escaping  from  the  system  through  the  uri-  ofmiwiB. 
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nary  Apparatus  ;  the  former,  in  part,  tlirough  the  lungs.  That  ihese  prod- 
ucts are  to  be  attriljiutecl  to  muscular  waate  is  inJerred  from  their  in- 
crease or  diminutioD  with  increases  or  dimiiiutiona  dF  muscuJar  exertion. 
In  the  voluntary  fibres  there  is  commonly  a  necessity  for  repose,  during 
whicli  repair  of  the  waste  is  taking  place;  but  in  Uio&e  organs  which 
are  in  ceaseleaa  action,  as  tlie  heart  and  diaphragm,  the  repair  or  nutri- 
tion goes  forward  at  an  e<pi."il  rale  with  the  wastt,  and  no  period  of  rest 
is  required.  It  necessarily  happens,  during  the  destruction  ot'  this  tia- 
Etaerfiemper-  ^"^  ^7  '^^  arterial  b)oodj  that  a  rise  of  temperature  must 
iture  in  niiiB-  ensue,  and  such  a  rise  haa  been  actually  observed  to  the 
amount  of  &  degree  or  tnorc,  notwithstanding  the  constant 
tendency  to  the  removal  of  the  heat  by  the  constant  current  of  venous 
blood  flowing  from  the  muscle.  There  is  no  necessity  to  attribute  the 
elevation  of  temperature  to  friction  among  muscular  fibres,  and,  indeed, 
the  amount  that  could  arise  in  that  way  must  be  very  insignificant,  and 
not  lo  be  for  a  moment  compared  with  that  due  to  the  oxidation.  Even 
in  muscles  which  have  been  removed  from  the  body,  and  made  to  con- 
tract by  the  aid  of  magneto-electric  currents,  changes  of  composition  may 
be  detected. 

OF  The   FtlKCTtOH   OF  UVKVLAR  Fiaa£. 

The  mechanical  action  of  muscular  fibre  depends,  aa  we  have  seen*  on 
S"*tufe  of  the  aliorlening  of  tlie  long  axia  of  the  cells  of  wliich  the  fibres 
contractility.  jy.g  composcd.  To  tliis  Tcsult  the  designation  of  contractility 
is  given,  and  the  property  by  which  the  fibre  is  enabled  to  exliibit  tliiM 
shortening  is  desigtiated,  agreeably  to  the  metaphyaical  system  of  the  old 
physiologists,  who  were  content  to  accept  a  word  as  an  e:xpIanatioR  of 
a  fact,  by  the  term  irritability  ;  this,  as  being  useless,  may  be  discarded  ; 
the  former  ii'c  may  continue  to  employ* 

At  one  time  it  was  supposed  that  the  contraction  of  a  muscular  fibre 
Conifaiiility  depends  so  completely  upon  the  agency  of  tlie  nervous  system 
em^K  ullf"  *'^*'  ''  might  Itc  considered  as  the  direct  function  thereof^  but 
tiervna,  a  more  critical  examination  of  the  circumstances  of  the  short- 

ening of  the  fibre  cells  shows  that  it  possesses  many  features  in  eominon 
with  the  same  contraction  of  the  cells  of  plants,  which  have  no  nervous 
ayetem.  The  influence  passing  along  the  nerve  fibrils  ia  only  one  out  of 
many  wblcli  can  cause  muscular  contraction.  There  ia  abundant  evi- 
dence in  support  of  the  position  that  contractility  is  the  result  of  the 
structure  of  the  muscular  fibre,  and  that  it  belongs  to  it,  and  is  not  a  spe- 
cial function  of  ner\'e8. 

Whcu  museular  fibres  are  touched  by  a  pointed  instmmentt  they  ex- 
hibit contraction  even  after  they  have  been  detached  from  the  body,  pro- 
vided that  too  long  a  period  of  time  hag  not  elapsed.    If  it  be  of  the  atria- 


CONTRACTION    OF   MLSCULA*  FXBBE.  443 

ted  variety,  the  bundle  that  has  been  disturbed  alone  contmcta,  „._  . 
and  preseiitlj  otter  rcUxes;  bat  there  is  no  lateral  Bpreud  or  the  i^ontrAc- 
di^BJon  ot"  the  effect  to  adjacent  bundles,  except  in  the  case  "^J'*'^''*'"'* 

J  '  r  ted  and  non- 

of  the  heart,  in  which  it  WQuld  appear  that  the  contraction  of  «ri«tedniu»- 
one  part  is  diffused  laterally,  and  a  single  disturbance  is  foJ-  "^"^ 
lowed  by  many  alternating  contractions  and  relaxations,  simulating,  as  it 
were,  the  normal  function  of  the  whole  organ.  But  where  the  non-stria- 
ted fgrni  ia  in  like  maimer  esaminc^d^  the  contraction  takes  place  more 
slowly,  spreads  laterally  to  a  wider  extent,  and  ia  followed  hy  a  rclusa- 
lion.  The  effect  of  an  intermitting  magneto-electric  current  ia  different 
in  the  two  forms  ot"  tissue,  the  striated  contracting  and  keeping  pife^t  of 
contracted  as  long  as  the  action  u  kept  up,  but  the  effect  ceasing  yUctriciil 
when  the  current  stops.  In  the  non-striated  the  action  i&  tardy,  '^"^^'' 
and  relaxations  may  ensue  even  wlnlu  the  current  is  paasing,  and  con- 
tractions continue  to  occur  after  it  has  stopped.  The  effect  becomes  of 
more  interest  when  a  weak,  continuous  electrical  current  is  passed  through 
the  centrifugal  nerves  supplying  any"  muscle,  for  then  the  whole  inuaclu 
contractu,  and  remains  in  that  state  as  long  as  the  current  flaws.  If  the 
current  be  passed  through  the  ganglionic  centre  of  those  nerves  contrac- 
tion again  ensues,  and  is  nmintained  for  a  time  even  after  the  currettt  has 
ceased.  If  the  current  be  sent  tEirough  tlie  centripetal  tibre^  alternate 
contractions  and  relaxations  of  tlie  niuscle  are  the  re&nlt.  The  interpret- 
ation of  these  different  cases  has  ahcady  been  given  (p.  27G). 

The  capability  of  contracting  continues  in  muscle  fibre  for  a  certain 
time  after  death,  a  period  wliicli  is  shorter  as  tlic  rale  of  res-  Experiments 
piration  is  higher,  and  hence  tiiese  offecta  were  first  observed  of  tifclvaj^'- 
by  Galvani  and  others  in  the  case  of  the  frog  and  cold-blooded  animals. 
Even  after  it  has  disappeared,  it  may  be  re-established  by  -  ■  ►. 
continuing  the  supply  of  arterial  Llood,  as  Dr.  Brown-ftctpatd  uf  iirown-se- 
ha8  shown :  a  fact  which  illustrates  in  a  striking  manner  the  ^^'^^  " 
independence  of  the  muscular  contraction  of  the  nervous  system.  Of 
course,  aa  would  have  been  e.\peeted,  whatever  interferes  with  due  arte- 
riallization  interferes  \vit!i  muscular  power.  This  ia  the  reason  of  the 
inabdity  for  exertion  which  ia  experienced  iti  the  thin  air  of  mountain 
tops,  the  relaxation  of  the  muscular  system  in  aspiiyxia,  the  same  con- 
dition in  the  respiration  of  the  vapors  of  ether  or  of  chloroform  ;  it  is  also 
to  a  great  extent  the  cause  of  the  wayward  and  staggering  gait  of  the 
drunkard.  The  converse  of  (liis  likewise  holda  good  :  the  higlier  the  rate 
of  respiration^  the  more  energetic  the  muacular  power ;  and  thcrctbre,  in 
birds,  which  respire  most  perfectly,  muscular  contractility  is  exhibited 
with  the  greatest  energy. 

The  contractility  of  the  muscular  tissues,  as  being  independent  of  the 
activity  of  the  nervous  system,  is  well  illustrated  by  the  remarkable  ob- 
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Esperiinenis  Bervalions  of  Dr.  Dowler,  of  New  Orleans,  on  the  automatic 
of  Dr.  I>i>w]«r.  niovementa  tiiat  aometitnea  take  place  after  death  by  yellow 
fever.  After  respiration  had  ceasedT  each  hand  in  succession  waa  car- 
ried to  the  throat,  and  then  to  the  crown  of  the  head,  and  so  back  again 
bo  the  breast.  In  another  instance,  on  being  stimulated  by  a  blow,  the 
arm  was  extended  upward,  and  tlic  hand  could  even  be  made  to  alap  the 
mouth  ^  or  wiien  the  leg  hyng  down,  it*  the  flexors  of  the  hamstring  were 
stnick,  the  heel  waa  drawn  upward.  These  manifestations  continued 
tor  between  three  and  four  hours,  and  even  occurred  in  amputated  limbs. 

Contractility  lasts  for  a  different  period,  not  only  in  difterent  animals, 
Duration  of  but  cv'cn  in  dificrcnt  parts  of  the  same  aniraaU  Thus,  in  man, 
wBtnK^tility-  {t  declines  in  the  following  order:  in  the  left  ventricle  first, 
then  in  the  intestines  and  stomach,  the  urinary  bladder,  right  ventricle, 
cpsophagus,  iris,  in  the  voliuitaiy  muscles  of  the  tnuik,  lower  and  upper 
extremities,  and,  finally,  in  the  left  and  light  auricle  of  the  heart. 

Assuming  that  tlie  diameter  of  each  muscular  fibre  is,  on  an  average 
rHutiince  at  '^^^'^  TiS'^Ffl  '-''"  *'''"  int^h,  and  that  eacEi  fasciculus  ia  the  ^^  of 
wbicli  amtiaclo  an  incli,  it  may  lie  inferred  that  each  fasciculus  contains  about 

mAV  tic  iatlu-       y,-.n  ..  1  »T  -  I  1  1 

enwci  ty  *  *550  fibres.  Now,  Since  the  nerves  do  not  penetrate  the  aar- 
acrvc.  colerama,  the  influence  which  they  exhibit  must  lie  efficacious 

at  a  distance;  and  if  we  take  the  niaxinium  measurementB  which  have 
been  made  of  muacular  fasciculus,  we  may  safely  conclude  that  that  in- 
fluence extends  at  least  through  a  di.ftance  of -j-|^  part  of  an  inch. 

It  is  not  necessary  for  us,  in  this  place,  to  enter  on  a  discussion  of  the 
™  J  .  functions  of  nerve  fibres,  wiiether  they  exert  a  magnetic 
ihaL  rtnuwuittr  agcncy,  or  act  by  rise  of  temperature,  or,  from  an  abmpt  po- 
luk/fTOiniriusl  '*''  termination  deprived  of  its  white  substance  of  Schwann 
ciil4r  djshiiitp-  permit  the  escape  of  their  current  into  the  muscle  fibril,  and 
'  thence  into  the  corresponding  denuded  pole  of  a  centripetal 

nerve  beyond,  the  current  l>eing  determined  through  the  muscle  by  rea- 
son of  the  better  conducting  power  of  that  structure.  The  immediate 
cauise  of  muscular  contraction  is  to  be  fiought  fof  in  the  muscles  them- 
selves, and  this,  I  think,  is  much  more  obvious  than  is  generally  sup- 
posed. So  far  from  there  being  any  thing  mysterious  or  incomprehen* 
sible  about  it,  as  some  writers  insist,  we  probably  shall  not  be  very  far 
from  the  truth  if  we  assert  that  mitsetdar  contmction  u  the  necessary 
pAi/tdcal  result  ofmuscuiar  dimitegtaiiGn^  and  without  here  consider- 
ing the  various  ways  by  which  that  muscular  disintegration  may  be 
brought  about,  such  is  the  doctrine  that  I  now  present. 

.  Reviewing  the  various  conditions  under  which  contraction  occurs,  I  re- 
Chan  inmua.  ^^  destructive  metamorpiiosis  as  the  primary  and  leading 
do  ifwr  con-  one.  Every  thing  seems  to  indicate  that  the  contraction  of 
tTMiion.  ^  jji^  ^^  p^^  ^^^  ■^h.ce  without  the  loss  of  a  part  of  ita 
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sabatance,  and  this  ensues  even  in  the  artilicial  motiona  that  are  eatat)* 
Usbed  by  electric  curreutH  in  amputated  muscles,  as  is  flalisfactorilj  ahown 
b^  the  experimenta  of  Helmholtz,  Of  these  the  ibUowing  synopsis  i& 
given  by  Dr.  Day  : 

"  Powerful  muscular  contractions  were  induced  by  passing  an  electric 
current  tiurough  the  amputated  leg  of  a  frog  as  long  aa  convulsions  con- 
tinned  to  be  manifested.  The  flesh  of  both  legs  was  then  analyzed. 
The  albumen  was  apparently  scarcely  affectedt  the  mean  of  si:c  experi- 
ments giving  210  per  10,(XK)  of  albumen  in  the  electrized,  and  213  in 
the  non-eletrtrized  flesh.  With  regard  to  the  extractive  matters,  it  ap- 
peared that  in  all  the  experiments,  without  a  single  exception,  the  water 
extract  in  the  electrized  rieeh  was  diminished,  while  on  the  other  the 
spirit  and  alcohol  extracts  were  increased.  The  results  are  expressed  in 
the  following  tables : 

CJumt^  in  Mitarlf.  a/trr  EUctrir  Ci^ttruetitm. 
Alcohul  extract  rrom  100  parts  recent  fro^'H  flesb. 


Bxp. 

a.   In  i>1iTtrlt<ii  ]jc-rt>aTi, 

b.   In  nriin-pl-MCrllEFd  |H)rti'iin. 

a;  b 

1 
S 

a 

4 
6 

6 

i>..",*>ii 

U.ti«4 
0.6.VJ 
0.fl7B 

O.HCHi 
0-427 
0.481 
0,4113 
0.433 

1.24:1 
1.33:1 
1.38:  1 
1.32:1 
1.3a;  1 

Kxirocted 

triiii  dlcDhu]  (if  %  |ier  cent. 

1.020                I 

0.743                   I       IM :  1 

Water  e'EtrntL 

rt|*lMiMtr»rt. 

(I.                         b.                             (I  i  & 

/^        1         ft,                    atb 

7 

e 

Mean 

o.:»3 

0.72 
0.9B 

l.t^       1       0.79 :  1 
l.L'3              0.78  :  1 
O.M              O.f  ft :  1 
I. SB              0,78  :  1 

l.G!f          1.50              LIS:  I 
l.li.'i          1.3&              L22:l 
l.Ti;      1      J.53       1        1.1B:3 
LTU      1      lAfi       1        LIB;] 

"The  amount  of  fat  was  unaifecled*  No  urea  cotdd  be  found  in  the 
alcohol  extract. 

"  There  is  great  difficulty  in  performing  experiments  of  tbi.s  natme  on 
warm-blooded  animala^  in  consequence  of  the  rapidity  witli  which  iso- 
lated portions  of  the  muscle  lose  their  contractility. 

"The  bcBt  results  were  obtained  with  decapitated  pigeons : 


Albumen  ...... 

Water  extract 
Spirit  extract. 


n.  In  Hi^trlEvl  iiiiiikIc 


2.04 
0.61 
1.68 


h.  In  Du  It-"  led  fixed  munrlp. 


2.IS 
0.73 

i.i»e 


.86:  1 
1.06:1 


*'  The  above  facta  suiEciently  show  that  muacttlar  action  13  always  ac- 
companied by  a  chemical  change  in  the  com|)osition  of  the  acting  mus- 
cle." It  appears  that  after  electrization  the  alcohol  extract  increases  be- 
tween 24  and  38  per  cent- ;  the  water  extract  diminishes  between  24  and 
20  per  cent.  ;  the  spirit  extract  increases  between  l^i  and  22  per  cent. 

I  therefore  regard  disintegration  of  the  muscular  structure  as  the  prim- 
itiye  act,  bo  far  aa  the  fibril  itself  ia  concerned,  and  contraction  as  the 
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BiUnwd  sutc  necessary  consequence,  that  disintegration,  being  brought 
rhroiT'h^Lte  ^^^^  ^y  *^^  oxidizing  agency  ot"  arterial  blood.  It  rauat, 
jind  Mpair.  however,  be  borne  in  mind  tJiat  this  waste  is  masked  by  its 
incessant  repair,  and  that  its  condition  at  any  moment  of  its  action  repre- 
sents the  actual  balancing  at  that  instant  of  the  waste  and  repair  re- 
spectively ;  and  since  the  repair  docu  not  proceed  with  the  same  rapidity 
as  the  destruction,  it  needs  must  follow  that,  sooner  or  later,  a  point  will 
be  arrived  at  when  tJicre  is  an  absolute  necessity  for  repose  to  give  to 
the  renovating  processes  the  opportunity  or  time  for  effecting  a  complete 
restoration- 
Accepting,  therefore,  the  fact  thnt  a  fibre  can  not  contract  without  lous 
Manner  in  °^  ^^*  substatice,  and  regarding  that  loss  &fl  the  cause  and  the 
which  Mntrac-  contraction  as  the  effect,  it  is  ptain  that  wiiatever  influence 
I  on  wi^urs.  ^^^  accomplish  an  oxidation  will  produce  a  shortening  of  the 
fibre.  Perhaps  it  may  be  that  the  nerve  tubule  does  it  by  occasioning  a 
rise  of  temperature;  perhaps  it  tnay  be,  if  nerves  do  not  end  in  loops, 
but  in  denuded  points,  by  the  current  escaping  intO'  the  muscle  from 
those  points,  and  occasioning  such  an  allolropic  change  in  the  contents 
of  the  muscle  cells  aa  enables  the  blood  to  destroy  them,  in  the  manner 
set  forth  in  Chapter  X.  With  such  theories  we  need  not  now  embar- 
rass ourselves,  but  confine  our  attention  to  the  result  with  which  we  are 
concerned,  that  is  to  say,  the  destruction  of  tlie  material  contained  in  the 
muscle  cells,  whlc!i  destruction  is  practically  brought  about  by  the  ac- 
cess of  arterial  blood.  When  this  lakes  place,  the  cell  affected  under- 
goes an  actual  diminution  of  size,  through  loss  of  part  of  its  contained 
matcriab  its  longer  axis  shortening  from  no  other  cause  than  the  cohe- 
sion of  its  included  granules  thus  suddenly  brought  into  play.  The  cell 
which  we  have  under  consideration,  like  an  entire  mnacular  fasctculua, 
„  .  ,.  -  possesses  no  power  of  active  dilatation,  and  so  remains  wtth- 
(he  cortiraaed  out  change  until  it  is  stretched  by  similar  contractions  tak- 
ing place  in  the  components  of  other  and  perhaps  distant 
Eihtagonist  muscles.  Coincident,  however,  with  this  destruction  of  its 
interior  substance,  and  loss  of  its  prolate  form,  is  the  act  of  repair,  the 
nucleus  of  the  cell  reproducing  other  granules  from  materials  furnished 
by  the  blood;  for  the  arterial  capillaries  not  onlv  bring  the  means  of 
oxidation,  but  they  bring  the  plastic  elements  of  nutrition,  and  so  per- 
mit the  cell  to  recover  its  dimensions,  and  to  be  stretched  to  its  orig- 
inal shape  hv  the  contraction  of  antagonist  fibres.  The  destraclion  wa* 
almost  instantaneous ;  the  repair  is  an  affair  of  a  little  longer  time,  and 
thug,  while  one  part  is  resting,  other  portions  of  the  muscular  mass  take 
up  the  action  in  succession,  one  after  another  contracting.  Such  ia  the 
first  aeries  of  chrtnges  ;  let  uh  now  examine  the  second. 

For,  as  the  result  of  that  first  ata^c,  there  has  been  a  liberation  of  prod- 
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ucta  of  oxidation,  which  htg  eventually  to  find  their  way  into  the  urinary 
aecretion,  or  to  escape  by  tbe  respiratory  surfaces.     It  ia  immaterial  what 
the  first  aspect  of  these  subatance^a  may  be,  creatine,  urea,  extractive,  etc. ; 
tbia  much  is  absolutely  certain,  tliat  tlicy  aie  on  the  downward  career, 
and  will  end  as  urea,  sulphuric,  carbonic  acids,  etc      The  experiments 
both  of  Reyraond  and  Liebig  prove  that  the  muscles,  when  at  p 
rest,  contain  no  acid  juice,,  and  during  their  activity  it  is  known.  itiHutniUr 
that  the  degree  of  acidity  is  proportional  to  the  energy  with  "'"''■''' 
which  they  have  been  contracting.     It  can  not  for  a.  moment  be  sup- 
posed that  tliis  acidity  is  the  cause  of  the  contraction  ;  5n  the  contrary, 
it  ia  its  result. 

Among  the  products  arising  during  muscular  action  may  bo  more  par- 
ticularly mentioned  iiiosite,  or  muscle  sugar,  which  is  ijiomeric  inosiie  and 
with  glucose,  and  creatine,  which,  though  it  contains  so  large  '^^■*'''*- 
a  proportion  of  nitrogen,  must  be  regarded  br  a  product  of  the  wai^te  go- 
ing on.  By  tlie  loas  of  two  atoms  ofthe  element  of  water,  it  gives  origin 
to  creatinine,  wliJcli  is  accordingly  found  in  the  muscle  juice,  the  bloody 
and  the  urine.  Indeed,  these  two  Bubetancea  seem  to  be  inversely  pro* 
portional  to  each  older. 

The  partial  oxidation  which  has  given  rise  to  tliese  various  protlucta 
can  not  occur  without  an  elevation  of  temperature.  A  second  stage  of 
the  process  of  mustiular  action  consists  in  the  removal  of  the  heat  and 
of  the  partially  oxidized  bodies. 

We  have  only  to  look  at  the  minute  anatomy  of  the  parts  under  con- 
sideration to  recognize  tiie  manner  in  which  this  double  re-  RrmovHioftbe 
raoval  is  accomplished.  The  arterial  capillaries,  wlicn  tliey  ''*^'" '"'^',  **I" 
break  up  tor  ihcir  Jinal  distribution,  run  parallel  \\'ith  the  ttip  Wood. 
muacular  fibreSi,  as  also  do  the  attendant  veins.  From  one  to  the  other, 
at  short  intervals,  as  seen  in  -F/'y.  227,  intercommunicating  vessels  trans- 
versely pass,  the  whole  being  arranged  on  such  a  system  a&  to  afford 
the  readiest  means  of  removal  of  the  blood  as  fast  as  it  becomes  venona 
— a  faciiity  of  removal  of  the  last  importance  for  carrying  off  the  wasted 
products  of  oxidation  ;  and  in  tliifl  manner,  those  products,  whatever  they 
may  in  the  first  instance  be,  find  a  ready  nieana  of  escape,  and  so  the 
mnacular  fibre  by  degrees  is  relieved  from  these  results  of  functional  ac- 
tivity. 

■  As  for  tlie  heat  wliicli  has  arisen  in  a  secondary  way  from  the  meta- 
morphosis which  has  been  going  on  in  the  fibre,  that  is  in  like  manner 
extracted.  It  is  difficult  to  conceive  of  a  more  effective  method  by  which 
the  heat  could  be  taken  away  from  the  wasted,  fibre,  or  indeed  we  might 
say  from  the  interior  of  the  whole  mass  of  fhe  muscle.  The  current  of 
venous  blood  bears  away  with  it  not  only  the  products  that  have  arisen 
in  the  oxidation,  but  likewise  the  heat* 
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It  is  probable  tliat  one  cauac  of  cessation  of  muscular  contraction  in 
Effect  fif  nctu-  any  one  point  of  a  Hbre  is  the  momentary  accuin  illation,  of 
mulmion  of       ivastotl  maleriaL  as  miciit  be  Ulusdated  in  a  coarse  manno^ 

•TASI&u  male-  ^  O 

rial.  by  tbe  difficulty  of  cauaing  a  fire  to  continue  burning  when 

tKe  asbes  are  permitted  to  accumidate,  and  the  necessity  of  their  removal 
before  thsi  combustion  can  go  on.  Two  separate  events  have  to  occur 
before  a  fibril  that  liaa  been  in  contraction  is  ready  to  contract  again : 
thefie  arc  the  removal  of  the  oxidized  products,  and  the  renovation  of  the 
interior  of  the  cells.  The  two  pro!bably  go  on  coincidently,  the  Teins 
taking  one  part  of  the  duty,  and  the  arterial  captllarien  the  other. 

In  non-striated  muscular  fibre,  in  which  the  supply  of  blood-vessels  is 
PecidiKritf  in  mutli  Icss  copious^  there  is  a  possibility  for  a  kteral  propa- 
of^no^a-siriateti  S'^*^**"  of  effect,  because  of  the  possibility  of  the  lateral  pro^K 
fibre.  ngatioii  of  the  heat,  either  supplied  directly  from  llic  nerve 

tubule  or  arising  from  the  oxidation  going  on.  The  sluggishness  of  its 
(irat  contraction,  the  longer  co]itinuancc,  the  propagation  from  tibrc  to 
fibre  laterally  until  the  effect  -vvear-s  out  or  ia  ro-enforced  by  some  new 
stimulus*  might  almost  seem  to  be  the  neceasarj-  result  of  the  imperfect 
supply  of  arterial  blood,  the  sluggish  removal  of  the  products  of  waste, 
and  the  more  pcrtect  opportunity  for  the  diftusion  of  heat.  This  doc- 
trine  therefore  meets  with  a  very  happy  illustration  in  the  phenomenon 
displayed  by  the  contraction  of  the  two  kinds  of  fibre. 

It  may  still  farther  illustrate  these  views  to  examine  that  other  variety 
Hhf  Ehmic  coti-  of  contraction,  rhythmic  in  its  nature,  which  is  exhibited,  for 
trectioiiB.  example,  by  the  heart,  of  which  it  may  be  said  tiiat  the  fibres 

show  a  simultaneous  contraction  alternating  with  fmriods  of  repose,  con- 
traction and  relaxation  succeeding  each  other  at  definite  intervals.  K, 
as  we  have  Juj^t  said,  the  cessation  of  contractility  arises  from  the  mo- 
mentary accumulation  of  products  of  waste,  and  the  capacity  for  its  re- 
newal is  due  to  restoration  of  the  original  state  by  nutrition,  rhythmic  ac- 
tion may  follow  as  the  consequetice  of  an  arrangement  of  muscular  fibrils 
with  an  adjusted  supply  of  arterial  and  venous  capillaries.  An  original 
excitation  producing  a  contraction  can  not  act  in  a  permanent  way,  for 
the  result  of  that  contraction  is  an  accumulation  of  wasted  material  which 
must  be  removed.  It  may  require  but  a  moment  for  the  removal  to  takf 
place  to  a  sufficient  extent  to  enable  the  original  disturbance  to  act  once 
more,  and  be  checked  in  ita  action  agaim  Whatever  value  there  may 
be  in  audi  explanations  as  these,  they  undoubtedly  gather  a  deep  inter- 
eat  froni  thus  enabling  ua  to  comprehend  that  it  is  possible  to  resolve 
such  rayaterioua  phenomena  as  rhythmic  periodicities  into  the  results  of 
ordinary  mechanical  laws. 

But  the  question  returns  upon  us.  Admitting  the  descriptions  that 
have  now  been  given  to  be  a  true  representation  of  the  facts,  and  alBO  of 
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iheir  natural  sequence,  wliat  ia  the  actual  piiyeicai  cause  of   „    .  .„ 

,  ,  .         ^        ,  ,  ,    .,  '  ,;     ,  PiMsEbility  of 

the  shortening  of  the  muscular  tibm?     AU  that  we  have  eatenaivemuji- 
thus  far  said  can  be  received  at  the  beat  as  only  a  statement  ^J"'*""  tontrac- 

■^  tion  by  Blight 

of  a  eucuession  or  order  of  foctis*  To  say  that  that  shorten-  muKuiir 
ing  ia  the  direct  consequence  of  loss  of  material  involves  us  ^"'^^" 
at  once  in  the  inquiry  whether  it  he  poaaihle,  through  the  destruction  of 
iiO  small  an  amount  of  material  aa  Tire  know  to  occur,  that  any  thing  liJte 
the  required  extent  of  motion  could  be  produced.  Could  a  muscle  be 
made  to  shorten  several  inches,  and»  upon  these  jmnciples,  lose  only  an 
Insigiiiticant  amount  of  weight,  the  shortening  being  nevertheless  the 
consequence  of  that  loss  of  weight  or  destruction  of  substance  ?  To  an- 
swer this  inquiry,  wc  have,  in  the  first  place,  to  recall  the  fact  that  a 
whole  muscle  is  never  in  contraction  at  once,  but  only  an  insignificanl 
portion  thereof,  one  hunille  of  fibrils  after  another  taking  up  the  action  in 
succession,  and  each  particular  fibril  undergoing  change,  not  througliout 
its  whole  length,  but  oidy  in  isolated  portions  here  and  there.  We  have, 
moreover,  to  recall  the  inaigJiificiant  weight  of  these  fibrils,  for  a  simple 
computation  will  show  that  thirty  thousand  of  them  a  foot  long  weigh 
only  a  single  grain.  To  these  recollections  we  should  add  the  intense 
energy  of  the  molecular  force  of  attraction,  as  displayed  at  audi  distances 
as  those  which  we  have  here  under  consideration — distances  which  we 
may  regard  as  being  virtually  inappreciable,  and  these  recollections  plac'.; 
the  problem  in  its  true  light,  and  .set  it  in  its  proper  attitude  before  us. 

For  it  is  capable  of  denionatration  that  muscular  contraction  ensues  ar> 
the  direct  conacqucnce  of  destruction  of  muscidar  substance,  and  that  a 
great  linear  extent  of  movement  may  be  accomplished  by  the  removal  of 
an  insigniticant  amount  of  aubBtancc.  If  100,000  fibrils  lost  one  third 
of  their  entire  substance — a  thing  wliich,  of  course,  could  scarcely  tafee 
place — the  diminution  of  weight  would  only  ainomit  to  a  single  grain. 
Our  conception  of  this  action  may  i)erhaps  be  rendered  clearer  by  an  il- 
lustration. If  wc  had  an  iron  thread  of  excessive  tenuity,  rihiatration  af 
composed,  for  instance,  of  a  single  row  of  iron  atoms  set  end  o5l™ilado^^" 
to  end,  and  could,  by  suitable  processes,  effect  the  removal,  uttre, 
here  aiid  there,  of  atoms  in  flic  line,  an  instantaneous  contraction  woidd 
be  the  rc&nlt,  iIlc  thread  shortening  \n  proportion  to  the  number  of  atoms 
removed,  hut  shortening  witJi  an  energy  eominensurate  with  the  cohesive 
force  of  the  iron  itself,  and  yet  ready  to  return  to  its  original  length  the 
moment  that  freali  iron  atoms  present  tEiemselvea  to  be  introduced  in  the 
place  of  the  abstracted  ones ;  and  so  with  muscular  libre,  the  raolccular 
foTCC  of  cohesion  developed  here  and  thcxe  by  the  removal  of  tissue  is  to 
be  measured  only  by  the  cohesion  of  the  fibre,  though  the  loss  of  mate- 
rial which  may  have  been  the  cause  of  that  force  coming  into  play  may 
be  very  small  indeed  :  nor  does  the  quickness  of  relaxation  prcaent  any 
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dliHculty  wlien  we  consider  the  rapidity  with  which  interBtitial  nutrition 
takes  place,  and  the  small  quantity  of  matter  to  be  supplied. 

We  have  now  analyzed  the  phenomenon  of  rauHcular  contraction*  and 
G       1  t  w-  ^^  ^'^^^^^  *'^^  conditions  on  wliieh  it  depends*     Theae  we  may 
ment  of  cbis     here  reproduce  together  for  the  inoro  distinct  continuation  of 
*'^'^^'*  the  argument.     The  primary  act  is  tiie  destruction  of  the 

mnacular  material  by  the  agency  of  arterial  blood;  an  incipient  oxidation 
setting  in,  the  wasting  particles  can  no  longer  retain  the  places  they  have 
occupied*  Tliey  have  lost  their  bold  on  the  particlea  with  wHch  they 
wero  associated.  At  that  instant  molecular  attraction  comes  into  play, 
and  shortening  of  the  fibre  is  the  result.  The  wasted  material  is  already 
being  absorbed  by  the  venous  capLllariea,  and  already  repair  is  taking 
place  by  the  introduction  of  new  fibrinous  material  from  the  arterial 
blood ;  but  the  renewal  or  repair  proceeds  much  more  slowly  than  the 
removal  of  the  waste;  the  latter  effect,  as  might  be  inferred  from  what 
has  been  said  under  fhc  head  of  absorption,  occurs  almost  instantly,  the 
former  gradually ;  and  thus  muscular  contraction  prcaents  itself  as  a 
composite  result,  depending,  under  nonnal  circuniBtances*  partly  on  oxi- 
dation, partly  on  removal  of  waste,  partly  on  repair  by  nutrition,  yet  so 
that  if  any  one  of  these  conditioiiB  be  interfered  with  it  can  not  take  place 
at  all. 

I  can  not  at  this  point  avoid  offering  a  criticism  on  the  experiments 
Vflltatjt&iof  A  ^y  which  it  has  been  attempted  to  prove  that  a  muscle,  when 
lunede  ificr  it  contracts,  loses  none  of  its  bulk  t  the  loss  that  does  iu  real- 
ity  occur  is,  it  is  true,  very  minute,  perhaps  so  mmute  that^  m 
the  coarse  apparatus  which  has  been  resorted  to  in  these  experiments,  it 
j^aaa.  would  be  altogether  inappreciable.  Such  a  contrivance  is 
reprcaented  in  J^f^.  229,  in  which  <2,  a  is  a  wide  tube  for 
containing  the  muscle,  y;  it  is  algo  to  be  filled  with  water, 
and  from  its  side  a  narrow  tube,  d,  projects,  the  water 
reaching  to  some  such  point  e.a  e.  The  tube,  a,  a,  being 
closed  at  both  its  extremities  water-tight  by  means  of  corks, 
&,  Cj  whenever  the  muscle  ia  made  to  contract  by  an  elec- 
tric current,  applied  by  means  of  the  spring  wires,  J",  J\  or 
otherwise^  if  enlargement  occurred  the  water  would  rise  at 
s,  and  if  diminution  it  would  descend;  but  as,  upon  trial, 
it  is  found  that  no  movement  whatever  takes  place,  it  has 
been  inferred  that  the  volume  of  the  muscle  remains  un- 
changed. But  no  compensation  whatever  for  temperature 
is  provided !  Yet  it  is  positively  known  that  when  a  mus- 
cle contracts  it  becomes  warm,  and,  doubtless,  these  in- 
"ingmi^k.  struments,  if  delicate  enough,  would  have  led  to  the  pre- 
posterous conclusion  that  a  inuscle  after  contraction  ia  larger  than  it  was 
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before.  But,  ef&A  setting  disturbances  of  temperatnre  asitle,  such  ex- 
periments are  of  no  kind  of  value,  since  they  contain  no  provision  for  the 
removal  of  the  wasted  material  of  the  muscle,  which  still  continues  a  part 
thereof,  though  it  has  become,  to  all  intents  and  purposes,  extraneoos, 
and  would,  if  in  the  living  ajetem,  have  been  instantly  removed  by  the 
rana. 

And  now,  hy  the  eid  of  these  doctrines*  we  may  comprehend  the  full 
flignificance  of  thoae  conditions,  which  have  been  long  known  ^ 
to  physiologists,  which  have  cast  anch  a  mystery  over  muscu-  of  partial  br- 
iar contraction,  and  led  to  such  a  diversity  of  views  as  re-  P"""**^' 
spects  its  true  explanation.  We  see  that  they  were  right  who  asserted 
that  muscular  contraction  is  a  function  of  nutrition,  though  they  were 
wrong  in  saying  that  it  is  therefore  of  a  vital,  and  consequently  of  an 
inexplicable  nature-  They,  too,  were  right  who  asserted  that  muscular 
contraction  depends  on  respiration,  and  that  the  higher  the  rate  of  that 
function  the  more  energetic  the  muscular  power  will  be.  They,  too,  were 
right  who  asserted  that  muscular  contraction  is  manifested  by  a  waste 
of  tissue,  and  that  that  waste  may  be  measured,  if  certain  corrections  are 
applied,  hy  the  quantity  of  urea  and  sulphuric  acid  in  the  urine.  They, 
too,  were  right  who  asserted  that  there  is  a  connection  between  the  co- 
agulability of  the  blood  and  the  energy  of  muscular  contraction  in  tlie 
various  tribes  of  life,  for  the  speed  of  repair  depends  on  the  percentage 
of  fibrin  in  the  Llood,  and  so,  too,  does  the  speed  of  coagulation.  They, 
too,  were  right  who  asserted  the  connection  between  muscular  contrac- 
tion and  the  speed  or  slowness  of  the  circulation  of  the  biood.  AH  these, 
and  many  other  partial  hypotheses,  are  the  necessary  consequences  of  the 
more  general  doctrine,  that  muscular  contraction  is  the  result  of  loss  of 
muscular  substance. 

There  remains^  a  phenomenon  to  which  our  attention  has  to  be  direct- 
ed in  the  conclusion  of  this  subject.     It  is  the  contractions  ^ 

•'        ,  1  rf  t  orilraction 

whicji  may  be  observed  under  the  microscope  when  a  fascicu-  pmifiMd  bj- 
lua  is  submitted  to  water.  These  contractions  commence  in  "*'''^- 
isolated  places,  from  which  they  aprcad  in  all  db'ections,  and  so  move 
about  from  end  to  end,  often  interfering  with  one  anotlier,  the  fasciculus 
thickening  where  the  contraction  is  greatest,  and  eventually  the  whole 
length  becoming  involved.  The  ultimate  degree  of  contraction  that  can 
be  reached  reduces  the  fasciculus  to  one  third  of  its  original  length.  With 
this  contraction,  through  the  agency  of  water  or  other  such  liquids,  we 
may  connect  those  contractions  which  ensue  under  the  pressure  or  dJB- 
turbance  of  some  hard  body,  as  by  the  touch  of  a  pin. 

From  these  cases  it  might  be  supposed  that  muscular  contractility  can 
take  place  independently  of  chemical  destruction,  but  a  more  critical  ex- 
amination of  them  will  satisty  ns  that  they  ensue  an  tlje  natural  conae- 
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qUeiicC9  of  the  preceding  views.  They  are  not  to  be  regarded  as  pure  or 
uncomplicated  inanifestationa  of  the  qualities  of  muscular  fibre  itself,  but 
as  the  con3e<5^nence3  of  the  impresaion  that  has  been  made  upon  it  by  the 
treatment  through  which  it  baa  passed.  The  preparation  of  a  fasciculus 
can  not  be  made  witliout  cutting  or  rending  the  parts,  mutilating  the 
nerves  of  supply,  and  totally  destroying  the  functions  of  tlie  arteries  and 
veina.  In  the  act  of  exsecting  such  a  fasciculus,  the  disturbance  im- 
pressed upon  it,  however  great  it  may  be,  ia  never  fully  answered  to  by 
the  due  amouat  of  contraction ;  for  with  the  deatructJon  of  the  vascular 
mechanism  there  ia  no  means  of  removing  the  products  of  waste,  and  con- 
traction can  not  go  on  to  it3  full  completion,  but  in  tliia  condition  thy 
fasciculus,  placed  in  water,  gradually  gives  up  here  and  there  the  prod- 
ucts of  waste,  and  with  their  removal  the  opportunity  arises  for  the  re- 
maining muscular  elements  to  approach  one  another,  and,  finallv,  coni^ 
plete  contraction  ensues ;  a  contraction  not  due  to  the  immediate  action 
of  the  water,  but  to  the  change  impressed  upon  the  fagciculus  by  the  o]>' 
eration  for  its  exsection. 

So  as  regards  disturbance  by  the  touch  of  foreign  bodies,  we  might 
ContradioD  recall  thosc  numerous  instances  known  in  chemistry,  in  which 
by  touch.  decompositions  or  other  mechanical  results  are  brought  about 
in  a  Bimiiar  way.  The  diflerent  compounds  which  undergo  explosive  de- 
composition by  the  lightest  friction  might  furnish  us  with  illustrations; 
but,  in  this  instance,  the  effect  is  more  purely  mechanical,  and  arises  from 
the  forced  equilibrium  into  which  the  fasciculus  has  fallen  by  the  act  of 
exsecting  it  being  more  or  less  perfectly  overcome.  The  elements  of  a 
part  of  a  tasciculus  are  brought  by  tliat  touch  within  a  nearer  range  of 
one  another,  the  produetg  of  waste  which  had  failed  to  escape  because  of 
the  destruction  of  tlie  absorbent  function  of  the  veins  are  pressed  aside, 
one  motion  gives  rise  to  another,  a  worm-like  action  spreads  hei-e  and 
there  irregularly  tlirougli  the  length,  and  ends  in  a  final  contraction. 

Connected  with  tJie  phenomena  described  in  the  preceding  paragraph 

.     is  that  general  lieidity  of  the  muscles  which  occurs  a  certain 
Riffor  mortis,     .  .•         ,       i  /  t  , 

time  attcr  death,  and  hence  known  as  ngor  mortis.     This 

usually  commences  in  the  lower  jaw  and  neck,  invading  next  the  upper 
extremities,  and  reaching  eventually  the  lower  ones.  After  continuing 
for  a  period  longer  in  proportion  to  the  lateness  of  its  beginning,  relaxa- 
tion ensues,  the  parts  being  affected  in  the  same  order  as  they  were  made 
rigid.  The  rigor  mortis  sometimes  begins  as  soon  as  ten  minutes  after 
death,  sometimes  it  ia  postponed  as  long  as  seven  hours.  In  those  who 
have  died  of  chronic  diseases  it  occurs  and  ceases  \erj  quickly.  Both 
classes  of  muscles,  striped  and  nnatriped,  are  affected  by  it,  and  when  it 
is  over  tliey  present  an  unresisting  and  lax  condition,  and  putrefactive 
change  presently  sets  in.     Even  after  cadaveric  rigidity  has  been  aa- 
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W  sumcd,  the  contractile  power  of  muscles  maj  be  restored  by  funiiaHng 
^^^  them,  through  a.  suitable  arrangement,  arterial  blood ;  for  this  fact  we 
^^P  are  indebted  to  Dr.  Brown-Sequardt  hia  eiperimenta  having  heen  made 
^^^  both  upon  man  luid  animale.  The  arterial  blood  employed  assumed, 
I  '  during  its  passage  through  the  limb  which  was  the  aubject  of  the  trial, 

I  the  venous  character,  and  issued  of  a  dark  csolor.     This  restoration  of 

contractility  waa  by  no  nieaiie  imperfect  or  transient  j  in  one  instance  it 
continued  for  two  hours. 

By  means  of  tendon  the  muscles  are  attached  to  the  skeleton,  which 
constitutes  the  solid  framework  of  the  system.  Operating  r  r  f 
thus  tlirough  tiie  skeleton,  the  miiacleH  are  enabled  to  keep  rauicleforlo- 
the  entire  body  in  the  erect  or  standing  position,  and  also  to  '^'""  *"' 
give  it  locomotion.  The  conditions  of  standing  and  locomotion  have  been 
well  studied  by  the  brothers  Weber,  the  following  being  a  briei'  synopsis 
of  their  statements. 

In  man,  the  power  of  standing  implies  the  conservation  of  the  line  of 
direction  of  the  whole  body  within  the  narrow  basis  covered  by 
the  feet  and  between  them.  The  head  is  balanced  on  the  at- 
las so  nearly  imder  its  centre  of  gravity  that  no  ligaraentum  nuchce  ie 
required,  as  in  the  case  of  other  animals,  to  prevent  it  from  falling  for- 
ward, Neverthelesjs,  a  forward  motion  can  be  executed,  amounting  to 
about  75  degrees  from  the  }ierj)endicu]arT  and  a  lateral  motion  right  and 
left  of  from  45  to  50  degrees*  In  standing,  the  weight  of  the  entire  body 
ia  transmitted  perpendicularly  to  the  feet.  These  rest  on  the  heel  and 
the  fore  ends  of  tlic  metatarsal  bones,  especially  of  the  great  and  little 
toeis,  and  on  the  points  of  the  toes.  The  general  centre  of  gravity  of  the 
entire  body  ia  a  little  above  the  transverse  axia  connecting  the  head.s 
nf  the  thigh  bones,  and  for  equilibrium  to  be  maintained,  a  perpendicular 
line  drawn  from  tliis  centre  must  always  fall  within  the  basis  inclosed  by 
the  contour  of  the  feet. 

Even  in  the  most  perfect  condition  of  rest  that  we  can  assume  while 
maintaining  the  standing  position,  a  great  many  separate  muscular  acts 
are  necessarily  required.  Apart  from  tiioec  little  voluntary  changes 
which  are  incessantly  occurring,  the  rhythmic  action  of  the  muscles  in- 
volved in  respiration,  especially  those  of  the  abdominal  walls,  is  perpet- 
ually changing  the  position  of  the  centre  of  gravity,  and  therefore  those 
muscles  which  are  employed  in  keeping  the  spine  erect  are  obliged  to 
assume  an  antagonizing  rhythmic  action.  This  is  at  once  the  reason  of 
the  fatigue  we  experience  in  long  standing,  and  of  the  difficulty  which 
infants  encounter  in  their  attempts  to  maintain  the  erect  position. 

In  walking,  the  legs  act  Uke  a  pair  of  pendulums.     The  head  of  the 
thigh  bone,  which  is  tlieir  centre  of  motion,  ia  held  in  its  sock- 
et, not  by  muEcuhir  exertion,  nor  by  its  ligamentous  nrrangi^ 
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ments,  but  by  tlie  pressure  of  the  air,  a.  fact  that  iBay  be  proved  hy  very 
simple  experiments.  If  the  preasure  of  the  air  be  removed,  as  in  an  ex- 
hausted xcceiv^er,  Bpontaneous  dislocation  ensues.  The  trunk  of  the  body 
ia  like  a  rod  balanced  on  an.  axis  passing  through  the  hip  joints,  and  ad- 
yanciug  with  the  movement  of  the  legs  lite  v,  rod  balanced  on  the  tip  of 
the  finger.  It  is  inclined  forward  or  backward  ui  correspondence  with 
the  motion  or  with  the  resistance  of  the  wind  ;  if  the  wind  blowa  in  front, 
we  lean  forward ;  if  behind,  we  lean  backward;  tlieangleof  incHnationbe- 
ing  in  proportion  to  ita  force.  In  walking  there  are  two  distinct  periods : 
the  body  13  first  poised  on  one  of  the  limbs,  and  then  rests  for  a  moment 
on  both.  The  advancing  limb  swinga  like  a  pendulum,  bendijig  at  the 
knee  so  as  to  be  shortened  one  ninth ;  the  other  straightening  at  the  knee 
and  hip  joint,  and  so  pushing  the  pelvis  and  trunk  forward  to  be  received 
on  the  limb  that  haa  just  advanced.  It  is  Only  in  slow  walking  that  the 
whole  arc  of  motion  is  swung  through,  the  time  occupied  being  two  thirds 
of  a  second.  In  quick  walking  and  running  only  lialf  a  vibration  is  ac- 
complished, and  this  in  half  a  second  of  time.  In  slow  walking  each  foot 
rests  upon  the  ground  one  thhrd  of  a  aecond.  The  longest  step  made  is 
half  the  entire  span  of  the  two  extremities.  To  prevent  swayijig  from 
side  to  side^  the  arms  swing  with  the  legs. 

In  running  there  is  a  moment  when  both  feet  are  oif  the  ground  at 
once,  and  the  body  actually  projected  into  the  air.  In  walk- 
mg  there  is  a  moment  when  both  leet  are  on  the  ground  to- 
gether, the  one  not  being  raised  till  the  other  ia  planted.  In  running  the 
steps  are,  on  an  average,  twice  as  long  as  in  walking ;  and  the  number 
of  steps  made  in  a  given  time  in  running  and  walking  respectively  is  as 
3  to  2. 
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EEOAnDiNG  physiology  as  a  branch  of  natural  philosophy,  1  have  bt 
led  in  this  work  to  introduce  the  methods  of  considering  it  Diviaiom 
which  are  faniiUar  to  writers  on  mechanics;  for,  as  there  are  P^^J's'^l^t 
two  distinct  dmaions  of  that  suhject^  according  as  we  treat  of  tiie  cq 
librium  or  the  motion  of  inorganic  bodies,  bo  likewise  there  must  be 
physiology  a.  statical  and  dynamical  branch,  the  one  including  the  ct 
ditiona  of  equilibrium  of  an  organized  form,  the  other  those  of  ita  dev' 
opraent — development  being  no  more  than  ita  motion. 

If  we  establish  tins  Bubdivision  in  physiology,  similar  advantages  Ti 
doubtlesa  be  obtained  for  this  science  as  those  which  so  Arfvaniogei 
quickly  accrued  to  mechanics  after  Galileo  had  formally  in-  ^'*  '^''''^"01 
troduced  the  same  partition  therein.  Moreover,  in  this  case  there  t 
collateral  reasons  not  applying  to  tliat.  Whatever  may  be  tiic  vie'' 
which  the  advance  of  science  causes  us  to  take  of  the  various  functio 
maintaining  a  living  animal  in  its  nonnul  stntfr — whatever  may  be  t 
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general  conception  wc  entertain  of  the  nature  of  ita  equilibrium,  it  is 
scarcely  possible  fo  present  the  subject  in  a  manner  that  will  coincide 
with  the  diversified  views  Ot"  the  profession.  It  is  almost  exclusively 
with  statical  pliysiology  that  the  physician  has  to  deal.  T3ie  healthy 
and  diseased  states  of  the  apparatus  for  digestion,  absorption,  respira- 
tion) circulation,  innervationj  etc.,  are  the  things  with  which  he  is  con- 
cerned. It  ia  respecting  these  that  hia  mind  is  filled  with  the  early  prej- 
udices of  his  education,  and  that  hia  social  necessities  compel  him  to  ex- 
press with  decision  opiiiiona  unsuited  to  a  close  philosophical  exaininar 
tion.  He  is  to  be  pardoned  for  the  mystification  which  circumstances 
oblige  him  to  cast  upon,  the  subjects  of  his  study;  for  resorting  to  the 
vital  principle  aa  an  explanation  of  hia  difficulties  ;  and  for  throwing  upon 
the  nervous  ayatem  the  burden  of  every  thing  for  which  the  imperfect 
state  of  physiology  does  not  enable  ]iini  to  account.  He  is  not  to  be 
blamed  that  the  circnrastaneeg  under  which  he  is  placed  compel  him  to 
appear  to  know  more  aoi'ially  than  he  actually  does  know  philosophically ; 
and  where,  under  such  a  false  position  of  things,  men  have  been  spend- 
ing their  lives,  it  is  not  at  all  extraordinary  that  they  sliould  resist  any 
fittempt  at  a  reformation  which  strikes  at  the  very  existence  of  the  doc- 
trines they  have  adopte-d,  and  to  which  they  stand  committed.  The  old 
physician  must  have  his  vital  principle  and  his  nen-ooa  agent,  or  he 
must  begin  the  alpliabet  of  his  studies  again.  If,  tlierefore,  statical  phj's- 
iology  stood  alone,  it  must  depend  for  its  progreSB  in  the  gradual  removal 
of  error  and  introduction  of  truth  uiwn  one  generation  of  physicians  suc- 
ceeding another ;  but,  fortunately,  there  ia  a  circumstance  which  aids  it 
in  this  marcliT  for  the  great  branch  on  which  we  are  now  entering  pre- 
sents connections  and  considerations  of  a  more  purely  pliiloaophical  hind, 
free,  at  all  events,  from  tlie  entangleincnts  of  professional  inlcrests.  Ca- 
pable of  being  treated  in  the  rigid  manner  of  the  positive  sciences,  and  re- 
moved, by  reason  of  the  nature  of  the  topics  with  which  it  is  concerned, 
from  the  strifes  of  medical  sectarianism,  thi.^  noble  subject  can  develop 
itself  in  silence,  without  disturbance  and  without  restraint ;  and  yet  such 
an  advance  can  not  take  place  without  compelling  a  reflected  eflect  to 
ensue  in  statical  physiology,  and  hastening  the  time  when,  by  the  united 
consent  of  all  physicians,  it,,  too,  will  be  cleared  from  every  mystification, 
and  brought  w  ithin  the  pale  of  exact  and  positive  science. 

In  the  preceding  book  we  have  investigated,  the  conditions  of  the 
CarcerofsBor-  equilibrium  of  the  animal  mechanism :  in  this,  therefore,  we 
i;«nic  fono.  have  to  treat  of  its  motion  or  career.  Indeed,  we  might  gen- 
erahze  our  expression,  and  include  the  vegetable  along  with  the  animal, 
for  the  two  are  bo  inseparably  connected  that  we  can  not  speak  of  the 
one  Without,  at  the  eame  time,  dealing  with  the  otiicr.  Viewed  as  re- 
apects  its  motion  or  career,  an  organism  presents  U3  with  the  striking 
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■  &ct  that  it  passes  through  a  definite  series  of  changes.     CornmeTtcing  at 

I  first  as  a  simple  cell,  to  wliith  what  might  be  termed  a  tnomentum  of  de^ 

I  velopment  has  hecn  imparted,  it  assumes  one  form  after  another  iti  suo- 

^^^  ceasioiit  but  is  ever  ready»  like  the  moving  bodies  of  meclianics,  to  obey 
^^V  the  impulses  which  extraneous  forces  may  impress  upon  it.  Properly 
W  speaking,  we  can  never  aay  of  an  organized  being  that  it  is  in  a  condi- 

tion ot'rest.  In  truth,  it  is  always  in  motion.  It  has  a  paft  and  a  fu- 
ture— coming  from  one  state  and  going  to  another;  and  though,  to  use 
the  language  of  Tnechanics,  the  inertia  that  it  has  at  any  moment  must 
tend  to  continue  it  in  the  state  at  which  it  ia  then  found,  since  it  varies 
by  degrees  from  one  condition  to  anotlier,  we  are  obliged  to  look  upon  it 
in  these  variations  just  as  we  sliould  upon  an.  inorganic  mass  under  sim- 
ilar circnra stances,  and,  guided  by  the  incontrovertible  law  of  physics, 
that  every  change  of  motion  is  to  )ie  attributed  to  the  influence  of  a  force, 
we  must  impute  its  passage  from  state  to  state  to  the  intervention  of  a 
like  agency.  In  this  respect,  the  career  of  an  organic  combination,  in  itg 
two  conditions  of  maintaining  for  a  time  a  similarity  or  passing  through 
raetaniorphosea,  presents  a  general  analogy  to  the  uniform  rectilinear,  and 
to  the  varied  motion  of  mechanics. 

An  we  have  just  remarked,  the  moat  elcmentnry  organic  combination 
apiwars  to  be  a  simple  celL  This,  under  circunu^fances  „.  ^, 
which  wc  shall  presently  consider,  may  pnas  into  devcloj>-  nini  nwdianr 
ment  by  multiplication  in  three  different  ways,  geometrical-  "'='*P°'^"- 
Jy  distinct,  lis  development  nmy  he  in  one,  two,  or  three  dimensions — 
linear,  superficial,  or  solid.  As  illustrations  may  be  offered  the  proto- 
coctus,  which  is  a  simple  cell ;  the  linear  confervfc^  consisting  of  a  row 
of  cells  which  pcr];>etually  undergo  terminal  extension,  the  line  becoming 
longer  and  longer  as  development  of  new  cells  at  the  end  goes  on  5  the 
ulvaa,  in  wiiicli  incrt^asc  takes  place  simultaneously  in  length  and  breadth ; 
and  any  of  the  higher  forms,  which  grow  simultaneously  iu  length, 
breadtli,  and  thickness.  Whatever  the  manner  of  development  may  be, 
or  whatever  the  condition  presented  as  the  combination  passes  from 
phase  to  phase,  no  doubt  can  he  entertained  that  it  takes  place  in  conse- 
quence of  the  agency  of  forces  which  are  acting  under  definite  laws  ;  and 
though,  even  in  the  case  of  organisms  low  in  the  series,  a  geometrical 
definition  of  their  form  is  impossible,  this  is  because  of  the  imperfection 
of  our  knowledge,  and  is  no  kind  of  indication  tliat  there  has  been  any 
irregularity  or  wantonness  of  play  in  the  forces  at  work. 

^Vaserting  thus  in  the  broadest  manner  the  influence  of  physical  forces 
over  development,  and  seeing  that  dynamical  physiology  must  r„quiry  into 
be  conTmittcd  to  those  conditions,  and  those  alone,  which  are  ihix^ni-nence 
universally  recognized  m  positive  science,  1  snaU  proceed,  in  prim-ipiotur 
this  cliapter,  to  set  forth  the  views  we  entertain  respectuig  the  ontanii£«iioa. 
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eiistence  and  nature  of  a  special  principle  of  organization.  The  conclu- 
sions at  which  we  shall  arrive,  thougL.  apparently  very  different  from 
what  we  might  have  expected,  are  the  necessary  consequences  of  the 
physical  doctrine. 

It  may,  perhaps*  aid  the  reader  if  I  give,  at  the  outset,  a  synopsis  of 
Outline  of  the  ^^*^  argument.  Selecting  as  a  general  illustration  the  famil- 
argiim&nt,  {g.^  ^ase  of  the  gemiination  of  a  seed  and  the  growth  of  a 
plant,  we  sliall  investigate  the  results  of  growth,  in  light  and  darknefls. 
witli  their  attendant  phenomena.  From  this  we  shall  draw  apparent  ev- 
idence of  the  existence  of  a  special  principle  of  organization,  or  plastiu 
power,  and  ascertaini,  in  a  general  way,  its  functions ;  but,  from  aii  ex- 
amination of  the  attitude  in  which  the  resulting  organism  atands*  as  re- 
Bpect.s  its  individuality,  we  shall  learn  to  correct  that  view,  and  reachi  the 
final  conclusion  that  that  plastic  power  is  ]iot  an  agent,  but  a  condition 
of  thingSi  the  result  or  the  manifestation  of  antecedent  physical  influ- 
ences. 


Every  living  being  springs  from  a  germ.  The  animal  and  vegetable 
Primordial  kingdoms  present  ua  with  numberless  forms,  dift'ering  from  one 
•^^i"-  another  in  aspect,  in  construction,  and  in  function ;  but  the  or- 

igin of  all  13  the  same — a  cell  or  vesicle,  which,  under  the  influence  of 
external  circumstances,  develops  into  a  determinatE  shape. 

A  seed  may  be  kept  in  a  tlry  place  for  many  years  without  undergo- 
ing any  visible  change,  or  losing  its  power  of  gcmiinatton.  It  may  be 
exposed  to  all  the  annual  variations  of  temperature  occurring  in  the  dif- 
ferent seasons  ;  it  may  have  the  free  access  of  atmospheric  air.  Its  vi- 
tality is  dormant ;  there  is  no  attempt  at  evolving  its  parls. 

But  if  some  water  be  supplied,  and  a  certain  degree  of  dampness  be 
Gennmatjon  thereby  communicated,  the  seed  does  not  failj  as  soon  as  the 
(^S4eed.  temperature  reaches  that  of  a  summer's  day,  to  germinate. 
Under  the  influence  of  air,  heat,  and  moisture,  the  embryo  consumes  the 
nourishment  stored  up  for  it  in  the  seed,  a  gradual  unfolding  of  its  parts 
ensues^  a  root  is  put  forth,  a  stem  rises  Irora  the  ground,  and  leaves 
make  their  appearance :  so  heat,  air,  and  water  have  enabled  ihe  seed  to 
become  a  plant. 

These  physical  agents  are  not,  however,  sufficient  to  carry  the  growth 
Etkcit  trf  aim-  forward  to  its  full  extent.  Another  is  essential :  it  is  light ; 
%•>*'  for  if  growth  be  conducted  in  darkness,  beat,  air,  and  water 

can  not  cause  the  young  plant  to  add  any  thing  to  its  substance.  It  is 
feeding  on  the  seed.  Indeed,  when  the  experiment  is  carefiilly  made,  it 
is  found  that  there  is  an  actual  loss  of  substance,  the  resulting  plant,  if 
dried,  weighing  less  then  than  the  drj'  seed  from  which  it  came. 
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In  a  dark  place,  then,  it  is  poasible  for  a  aeed  to  grow,  but  it  grows  in 
a  certain  way,  and  only  to  a  certain  extent.  Its  stem  and  ita  leaves  art 
of  a.  sickly  yellowiah  hue :  exposure  to  the  Bimaliine  soon  produces  a 
green  color  in  these  parts^  and  the  weight  of  the  plant  increases.  Growth 
in  darkncsd  leads  to  one  result,  and  growth  in  the  aiinshine  to  another. 

From  these  facts  it  therefore  might  appear,  from  a  superficial  conaid* 
eration  of  the  thing,  that  the  development  ot' a  plant  depends  j^atxiul  infer- 
on  two  distinct  conditions— an  ijuuitc  power  whidi  resides  tncereapectinj 
m  the  genu,  by  the  action  of  which  the  matters  previously  of  niiiastio 
atored  up  in  the  seed  by  the  parent  plant  are  regrouped,  and  P*^*'-''- 
ao  arranged  as  to  constitute  a  new  organization ;  but  thia  power  does  not 
extend  to  the  obtaining  of  new  material ;  it  is  only  a  power  of  arrange- 
ment—a PLASTIC  i^WEii.     "Whatever  new  material  is  required  must  be 
furnished  by  a  totally  distinct  agency,  the  suiiliglit ;  and  just  as  the 
plaetic  power  can  not  collect,  tJie  sunlight  can  iiot  anrange.     Each  ba^ 
its    own    sphere   of  duty.     The  one  givee   the   Hubatance,  the   other 
luoulds  it. 

Every  flowering  plant,  no  matter  how  liurable  it  may  be,  is,  then,  a  rep- 
resentative of  the  aotion  of  these  double  intlucncea,  and,  when  CoasumpU^jii 
properly  considered,  may  well  extend  the  views  we  ought  to  vei'lanbie' 
entertain  of  the  system  of  nature.  The  supplying  or  funiish-  devtlopnwai. 
ing  agent,  the  light,  comc3  froni  a  star  which  is  at  a  distance  of  almost  a 
iiundred  inilltona  of  miles,  and  is  the  pivot  of  all  the  planetary  motions. 
Without  this  extraneous,  this  foreign  force,  the  whole  surface  of  the  earth 
would  be  a  desolate  waste,  presenting  no  semblance  of  life.  The  leaf^ 
the  flower,  the  bud,  the  stem,  the  root,  are  all  made  of  substance  that  has 
been  given  by  the  sun,  derived,  it  is  true,  from  one  of  the  constilnents 
of  the  aiTt  but  forced  to  take  on  the  special  state  which  suits  the  needs 
of  the  plastic  power  by  that  distant  agent ;  and,  in  order  for  this  to  oc- 
cur, it  is  plain,  from  mechanical  considerations,  that  there  must  have  been 
an  expenditure  of  power,  or  of  the  acting  principle  itself,  for  light  can 
not  produce  these  etiects  without  losing  ita  own  pecidiar  fonu.  For  the 
decomposition  of  a  given  weight  of  carbonic  acid,  and  the  fonnation  of  a 
given,  weight  of  gum,  a  fixed  and  invariable  q^uantity  of  light  is  required ; 
just  as  it  is  necessary,  in  moving  a  mass  of  a  certain  weight,  to  expend  an 
equivalent  and  definite  force,  so  the  substance  of  which  plant-organs  con- 
sist has  been  brought  into  an  available  state  by  the  consumption  of  a 
deHiiitc  quantity  of  light— perliaps  its  incorporation,  under  some  other 
form,  in  the  resulting  mass.  It  may  be  pent  up  and  imprisoned  in  the 
organic  structure  for  any  imaginable  time,  even  for  centuries,  but  is  ever 
ready  to  resume  its  primitive  state  when  favorable  circumstances  exist. 
The  coal-fields  which  furnish  us  with  fuel  are  tlie  remains  of  primeval 
forests  wliich  grew  in  the  ultra-tTopical  climate  of  the  secondary  times. 
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and  the  light  and  heat  we  derive  from  them  are  the  same  that  came  from 
the  aun  in  those  ancient  daya. 

If,  then,  OUT  earth  does  not  poesesg  in  herself  the  power  of  sustaining 
la  tliepiastk  ^^"^  varied  forma  of  vegetable  life,  but  borrows  it  from  an  ex- 
power  n  uni-  traneou3  souTce  ;  if  light,  in  producing  thcae  effects,  never 
fused  ^-eat  unocrgoea  destruction,  but  only  niodinea  its  state — ^far  nei- 
like  iheeiber?  ^j^gj.  f^^ce  noT  matter  can  be  anniliilated,  though  ihey  may  Lc 
changed — what  Bhall  we  say  of  the  plastic  power  wliich  we  have  thus 
aaaumed  to  reside  in  the  germ,  the  co-worker  with  the  luminous  agent  ? 
Does  their  partnership  in  action  indicate  a  resemblance  in  position  or  na- 
ture t  If  the  one  consists  of  motion  arising  in  an  ethereal,  intangible,  and 
weightless  niediuia,  diifiiHcd  tiironghout  tbe  universe,  inay  we  suppose 
that  the  other  in  the  manifestation  of  a  similarly  diffiiged  principle? 
There  is  no  necessity,  as  many  have  thought,  to  impute  to  the  hrst-crea- 
ted  germ  a  formative  power  for  all  ita  successors,  as  though  whatever 
force  or  qualities  they  possess  were  originally  eoncentrated  and  included 
in  it.  It  is  possible  that  eountlesa  millions  of  organic  beings  may  have 
originated  from  one  primordial  germ,  just  as  we  see  an  eitcnatvc  confla- 
gration originating  from  a  single  apark. 

That  such  a  plaatic  principle  exists  has  long  been  admitted  by  philos- 
ophers, Ijotli  speculative  and  experimental.  It  is  a  doctrine  wliidi  seems 
to  have  arisen  in  the  infancy  of  human  knowledge,  and  is  to  be  met  with 
in  almost  all  the  old  Asiatic  and  European  eystems.  The  archeus  and 
soul  of  the  worid  of  the  alchemists  were  only  the  reproduction  of  a  very 
ancient  idea.  The  term  "vital  spark"  was  once  something  more  than 
a  mere  metaphorical  expression ;  and,  indeed,  there  is  a  classic*  no"bl&- 
ness  in  the  thought  which  recognizes  a  universal  spirit  diffused  every 
where.  In  different  countries  and  by  different  authors,  the  nature  and 
function  of  this  principle  are  variouifjty  represented ;  imperfect  concej>- 
tiona  of  wliat  is  so  signiticantly  but  briefly  set  forth  in  tlie  opening  words 
of  the  Sacred  Scriptures,  which  plainly  recognize  the  true  conditions  un- 
der which  all  vegetable  organisms  aros& — formless  matter,  the  sunlight, 
ajid  a  brooding  spirit. 

I  shall  continue  to  apeak  of  this  principle  under  the  designation  of  the 
plaatic  power,  because  that  expression  points  out  aptly  tbe  function  dis- 
charged, and  to  assume  that  all  those  organisms  which  poasess  the  qual- 
ity of  converting  inorganic  bodies  into  organic  structures  do  so  under  the 
double  influence  of  light  and  of  this  interior  principle.     This,  of  course, 

•  Frincipio  cirlum,  as  terras,  campo&iiuQ;  Liquentca 

LiicentciDf|in:  (fli^ibtiin  Lmdk,  Titnniaque  iLttra 
Spifiius  LnLiJs  Alii,  totamque  infusa  per  anus 
Menu  js^ilui  [uulcm  gt  mugno  se  oor]iure  luisctit. 
Indc  hoitiinuru  pecudumque;  geiia?,  viti{>qu(; ;  voJiintuni, 
Et  qiiiB  marmorco  Pert  monsu-a  sub  itquyre  jMjnt«3, — Vuto,  JEif.,  1,  vi.,  734. 
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r includes  nearly  all  vegetable  forms,  for  we  may  leave  out  of  conaidera- 
tion  tiie  fungi,  a  group  which  stands  intermediately  between  plants  ain! 
animalS'  The  distinctive  character  of  a  plant  ia  to  form,  from  carbonie 
acid  of  the  air,  solid  organic  structures.  The  distinctive  character  of  aii 
aniniat  b,  l»y  the  oxidizing  processea  going  on  in  it,  to  re&toro  the  or- 
ganic bo^liea  which  have  sei-ved  it  as  food  to  their  original  formless  state. 
The  group  referred  to  differs  from  true  planta  in  feeding  on  matter  al- 
ready organized,  and  breathing  like  animals.  It  therefore  does  not  re- 
quire the  influence  of  light  1o  collect  material  for  it,  and  bring  it  to  the 
proper  state.  In  the  development  of  this  group  the  plastic  principle  ia 
alone  coneemed. 

Since  the  sunlight  la  compoaed  of  many  differently  colored  raya  and 
different  principles,  it  becomes  an  interesting  inquiry  which  p^^    ^^^^ 
^  of  these  is  the  immediate  agent  in  ministering  to  the  nntri-  fcrent  cplureii 

tion  of  plants.  In  1843*  by  causing  plants  to  effect  the  de-  ")"«°f"sti>- 
composition  of  carbonic  acid  in  the  prismatic  spectrnm,  i  found  that  the 
yellow  ia  by  far  the  most  effective,  the  relative  power  of  the  various  col- 
ors being  as  follows : 


Yellow, 

Blm, 

Green,, 

Indigti, 

Oranjii;, 

Violet. 

Kc<1, 

My  ex|jeriments  on  the  production  of  hydrochloric  acid  by  the  direct 
union  of  chlorine  and  hydrogen  under  the  influence  of  light,  phenomena  of 
both  artiiknal  and  solar,  and  also  on  the  deconipoBition  of  'hi.- union  of 

T  -   t  1        ■  -  1  •  1-11-  I'K^'  on  tln' 

peroxalate  oi  iron,  trom  winch  carbonic  acid  la  readily  diaen-  pmHth  of 

gaged,  couciuaively  establish  the  fact  that  the  primary  con-  p^^^''- 
dition  essential  for  the  chcnncal  action  of  light  is  the  absorption  of  Bomc 
particular  ray.  If  the  physical  condition  of  substances  otherwise  easily 
decomposable  is  such  that  they  transmit  light  without  absorbing  any,  no 
cliemical  change  ever  ensues  in  them,  and  the  same  condition  obtains  in 
cases  of  combination.  Thus  oxygen  and  hydrogen  can  not  be  made  to 
unite,  even  by  the  most  intense  radiation,  because  neither  of  tlieni  ex- 
ert any  abaorpttve  action;  but  chlorine  and  hydrogen  unite  with  ener^^ 
because  the  chlorine  absorbs  the  indigo  ray. 

The  same  experiments  prove  that  the  amount  of  decomposition  or  oth- 
er work  done  by  light  is  always  proportional  to  its  quantity ;  hence,  by 
the  aid  of  converging  mirrors  and  lenses,  chemical  changes  can  be  ac- 
complished with  great  rapidity.  These  instruments,  however,  when  even 
of  the  largest  siae,  arc  unable  to  produce  any  other  etfect  than  would  be 
brought  about  by  a  feebler  ray  if  applied  sufficiently  long.  The  great- 
ly increased  intensity  of  light  which  they  can  present  does  not  enable  us 
either  to  bring  about  combinations  or  decompositions  of  substances  which 
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are  unacted  upon  by  rays  of  a  more  moderate  brilliancy,  for  the  general 
rule  under  wLich  the  chemical  action  of  light  occurs  ia,  the  amount  of 
qkemical  cliangc  ia  as  the  quantity  of  light  absorbed. 

These  facts  are  of  importahce  in  all  discusaions  respecting  the  prim- 
itive formation  of  organic  matter  by  plants.  Guided  by  tbem,  we  infer 
that,  though  vegetation  may  greatly  differ  in  its  luxuriance  in  ^different 
climates  of  tlie  globe,  the  manner  of  action  of  the  light  ia  always  the 
same.  Notbing  ia  gained  under  the  brilliancy  of  the  tropical  akiea  be- 
yond a  shortening  of  the  time  required  for  the  accomplishment  of  a  given 
amount  of  work.  No  subatances  are  there  decomposed,  even  in  the  or- 
ganiama  of  plants,  which  coulfi  not  equally  well  be  decomposed  by  tbe 
feebler  light  of  more  temperate  cUmatea,  only  in  these  it  would  demand 
more  time.  The.  oils  and  other  suhatancea,  almost  or  quite  free  from 
Osygen,  which  abound  in  the  plants  of  the  torrid  zone,  are  not  excep- 
tions to,  but  illustrations  of,  the  doctrine  here  eet  forth. 

It  ia  proper  here  to  correct  the  etatement  wliich  is  usually  made  by 
rti»notth&  vegetable  phyaio legists,  that  the  decomposition  of  carbonic 
^'wcn  pnm  of  acid  by  plants  is  accomplished  by  their  jErreen  parts.     A 

iitaiiEs  which         ,  t  ■   i     i  ,  -    i        i  -     i      •  i  -   t     ■ 

decompoK  air-  platit  which  uas  been  etiolated,  or,  indeed,  one  which  has 
boDic  »cid.  been  raised  from  a  seed  in  total  darkneaa,^  when  brought  into 
the  gunshine,  decomposes  carbonic  acid,  liberates  oxygen,  and  its  pale 
and  sickly  leaves  presently  turn  green.  This,  therefore,  demonstrates 
that  the  green  portions  are  not  the  seat  nor  the  origin  of  the  decomposi- 
tion, but  are,  properly  speaking,  its  effect. 

ThuB,  under  the  influence  of  sunshine,  the  leaves  of  plants  decompose 
Plants  uiwnno  Girhonic  acid,  liberate  its  oxygen,  which,  for  the  most  part, 
axjgea.  escapcs  luto  tlic  atmosplierc,  the  amount  of  gas  decomposed 

flepending  primarily  on  the  quantity  of  light  supplied,  and  therefore, 
among  other  conditions,  on  the  surface  of  exposure  of  the  leaves,  and 
not  upon  their  thickness  or  mass.  But  I  found,  on  an  examination  of 
the  gas  thus  evolved,  that  it  is  never  pufc  oxygen,  but  always  contains 
a  certain  though  variabld  proportion  of  nitrogen.  From  thi.^  it  follows 
that  a  part  of  the  oxygen  appertaining  to  the  carbonic  acid  is  appropri- 
ated for  the  uses  of  the  plant. 

Such,  in  a  general  way,  is  what  takes  place  in  the  daytime,  hut  at 
night  the  process  ia  to  a  certain  degree  inverted,  a  plant  absorbing  oxy- 
gen from  the  air,  and  yielding  carbonic  acid.  The  explaimtion  which 
Liebig  offers  of  this  state  of  things  is  doubtless  correct^  that  the  evola- 
tion  of  carbonic  acid  is  a  purely  physical  process^  and  the  absoq)tion  of 
oxygen  due  to  the  chemical  action  of  the  various  deoxidized  bodies 
which  have  been  accumulating  during  the  day. 

As  respects  the  sources  from  which  the  various  constituents  of  the 
plant  organism  arc  derived,  they  are  sufficiently  obvious.     The  carbon 
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may  doubtlesa  be  entirely  attributed  to  carbonic  acid,  ob-  gogfj^g  fr^^ 
tainod  either  directly  from  the  atmoapibere  or  fumislied  by  which  tb«  con- 
tlie  gradual  decay  of  liumua  in  the  soil.     For  the  liytbogen  l,\^Jlg  ^^^  j^. 
a  double  source  may  be  assigned — water  and  ammonia.  ^^^^-   Ofcor- 
The  abundant  occurrence  of  resins,  oils,  fata,  in  which  this 
element  preponderates,  conclusively  establishes  the  fact  that        *     ^'^' 
the  supply  of  ammonia,  as  indicated  by  the  nitrogenized  compounds 
whicb  liavG  been  formed,  ia  insufficient  to  account  for  the  quantity  of  hy- 
drogen, and  for  which  there  would  appear  no  othet  source  than  water; 
and  tboagli  the  most  brilliant  light,  even  though  concentrated  by  a  pow- 
erful buming-glass,  can  not  alone  effect  the  decomjwsition  of  this  liquid, 
there  will  be  no  difficulty  in  admitting  that  auch  a  decomposition  does 
take  place,  when  we  recall  tbat  carbon  is  being  presented  in  what  might 
be  termed  its  nascent  state* 

Of  the  nitrogen  necessary^  for  the  formation  of  tlie  protein  bodies  of 

plants,  it  ia  generally  concluded  that  ammonia  ia  the  only 

T     r        .  .  1  ,-        .        .      -       1         Of  nitrogen. 

source,  and  that  these  organisms  do  not  directly  obtam  that 

element  from  the  atmospheric  air;  moreover^  it  occurs  apparently  to  a 
sufficient  extent  in  their  sap,  having  been  introduced  by  absorption 
through  the  roots.  As  essential  to  the  production  of  tJie  same  group 
of  bodies,  the  protein  aubatancea,  both  sulphur  and  phosphorus  are  in- 
troduced through  the  same  channel,  from  the  soil,  as  sul-  ofBuiijiiuraud 
phates  and  phosphates,  which  undergo  decomposition  and  phusphorus. 
deoxidation  within  the  organism,  so  aa  to  yield  the  sulphur  and  phos- 
phorus in  an  unoxidized  state. 

We  can  not  overlook  the  saline  substances,  or  mineral  bodies,  which 
occur  in  different  parts  of  plants,  and  which  obviously  are  of  f&Mm  sub- 
absolutely  essential  to  their  constitution.  Tlie  circumstance  s'ati-^w- 
that,  in  any  given  plant,  they  are  found  fixed  in  their  naturcj  definite  in 
their  ejuantity,  and  deposited  in  determinate  regions,  is  sufficient  to  es- 
tablish that  t;onclusion.  As  is  very  well  known,  we  can  not  Judge  of 
their  nature  or  condition  during  the  life  of  the  plant  from  the  aspect  tbey 
present  when  ita  ash  \a  examined.  Thus  those  which  have  been  exist- 
ing as  neutral  or  acid  salts  of  organic  acids  roust  appear  in  the  ash  as 
carbonates!  and  though  it  baa  been  established  that  basic  and  mineral 
aubstances  generally  will  to  some  degree  replace  one  another— nay»  that 
even  the  plant  itself,  by  generating  vegetable  alkaloids,  may  dispense 
with  bases  of  the  mineral  kind,  the  extent  to  which  this  can  be  carried 
ia  as  yet  undetermined.  The  occurrence  of  sulphates  and  phosphates 
in  the  leaves  and  seeds,  and  wherever  organic  activity  has  to  be  dis- 
played, and  protein  bodies  are  found,  is  sufficient  to  establish  a  con- 
nection between  those  aubatanccs  and  the  neutral  nitrogeniaed  bodies, 
though  of  the  manner  in  which,  trom  carbonic  acid,  water,  ammonia, 
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sulphates,  and  phosphates,  those  todies  are  formed,  we  are  as  yet  alto- 

getliGr  ignorant. 

By  some  chemists  it  haa  been  supjiosed  that  the  decomposition  of  car- 
The  dcwmpo-  honic  acid  by  plants  in  the  sunshine  is  not  instantaneously 
sition  of  car-  completcTbut  that  &  gradual  process  of  reduction  takes  place, 
injtpnrtjni.but  the  carboH  losing  by  little  and  little  its  oxygen,  but  never, 
lotfll,  perhaps,  losing  it  all.     Sly  own  esperiments^  previously  al- 

luded to,  which  show  that  the  quantity  of  oxygen  set  free  is  never  quite 
equal  to  that  of  the  carbonic  acid  consumed,  have  been  used  in  support 
of  this  view.  But  this,  I  think,  is  an  interpretation  which  they  will 
scarcely  bear.  There  arc  many  facts  connected  with  the  chemical  actioji 
of  light  which  might  be  cited  as  offering  abundant  proof  that  the  decom- 
position in  question  is,  on  tlie  contrary,  instantaneous  and  complete,  and 
ill  tliat  I  am  led  to  believe  really  consists  the  primary  function  of  the 
light,  the  carbon  tlma  obtained  being  subsequently  employed  in  accom- 
plishing the  decomposition  of  water,  and  other  processes  of  reduction 
known  to  go  on  in  the  vegetable  organism,  but  with  which,  under  the 
circumstances  of  the  case,  it  is  impossible  that  the  sunlight  should  be  di- 
rectly concerned.  I  separate  as  di.'^tinct  factors  in  the  lite  of  a  plant 
the  obtaining  of  carbon  from  the  air,  which  is  accomplished  by  the  intlu- 
cnce  of  an  external  agent,  and  the  moultling  or  modifying  it  with  other 
ingredients  into  organized  material,  which  we  Iiavc  thus  far  imputed  to  ji 
plastic  power  in  the  plant  itself,  and  respecting  which  more  will  be  pres- 
ently said.  Free  carbon  once  obtained,  we  can  easily  conceive  that  all 
other  operatLons  of  reduction  may  follow,  and  that  this  division  of  the 
action  of  plants  into  two  distinct  stages  or  factors,  aa  we  liave  just  term- 
ed them,  ifl  not  a  mere  speculation,  but  represents  what  in  reality  occurs, 
will  perhaps  be  admitted  on  racalling  what  has  been  remarked  on  growth 
in  the  sun&hine  and  in  darkness  respectively. 

As  a  summary  of  the  action  of  vegetation,  on  the  air,  it  is  on  all  hands 
aummnn'  uf  admitted  that  plants  tend,  by  the  removal  of  carbonic  acid 
t>lIn"s'on"ihQ  t'l'^refrom  and  tlie  return  of  oxygen  thereto,  to  compensate  for 
ntmaa[.be,re.  tfac  disturbance  occasioucd  by  animals,  which  is  to  ihe  oppo- 
site effect.  In  tiiis  way,  through  vmy  many  centuries,  the  same  percent- 
age constitution  of  the  atmosphere  is  maintained,  the  sum  total  of  veg- 
etable bwng  automatically  adjusted  to  the  sum  total  of  animal  life ;  auto- 
matically, and  not  by  any  interference  of  Providence ;  for  if  we  admit, 
what  has  been  conclusively  established  by  direct  experiment,  that  plants 
would  glow  more  luxuriantly  in  an  atmosphere  somewhat  richer  in  car- 
bonic acid  than  the  existing  one,  we  may  see  how  ujwn  this  condition  de- 
pends a  principle  of  conservation,  which  must  forever  retain  the  air  at  its 
present  constitution,  no  matter  how  animal  life  may  vary.  The  proofe 
that  are  sometimes  offered  that  there  Iiaa  been  no  change  in  this  respect 
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for  at  least  2000  years,  and  which  are  drawn  from  an  examination  of  the. 
aerial  coiitenta  of  vessels  said  to  have  been  obtained  from  Pompeii  or 
HcrcuJancuiTi,  are  of  very  little  account.  We  have  only  to  recollect  how 
easily  difi'usion  takca  place  through  crevices,  and  even  almost  invisible 
pores.  But  there  arc  jjroofs  of  a  far  higher  order,  and  of  a  niucli  more 
general  kind,  which  miglit  be  brought  forward,  if  tlua  were  the  proper 
place,  establishing  beyond  alt  possibility  of  contradiction  the  fact  that  in 
a  slow  manner,  through  coimtlcss  agt-a,  the  constitution  of  the  atmosphere 
has  changed,  and  that  now,  through  the  operation  of  conditions  wliich 
have  spontaneously  arisen,  it  liaa  come  into  a  condition  of  apparent 
equilibrium. 

When,  therefore,  a  seed  is  placed  in  the  ground  in  the  warm  season  of 
the  year,  the  germ  it  contains  develops,  and,  after  a  few  days,  makes  ita 
appearance  as  a  young  plant  at  the  surface.  If  the  growing  structure  is 
examined  during  its  passage  through  the  soil,  it  presents  &  pale  yellow- 
ish a5[>ect,  which  is  exclmnged  for  a  bright  green  tint  as  soon  as  it 
escapes  from  its  conHnemcnt,and  unfolds  itself  to  the  sunlight  and  the  air. 

From  the  first  moment,  until  the  green  color  is  assumed,  the  young 
plant  is  nourished,  as  we  have  seen,  at  the  exjjcnse  of  the  ,  ,  ..  . 
seed.  In  anticipation  of  this,  the  parent  had  laid  up  a  &totk  aduiiiifoof 
of  nutritive  material.  On  this  tht;  embryo  draws,  consuming  ^* '^"  ^" 
a  part  in  the  support  of  its  life,  and  incorporating  the  residue  in  ita 
structure  ;  hut  as  soon  as  the  surface  of  the  soil  is  gained,  this  life  of  de- 
pendence ends ;  the  plant  weans  itself,  and,  abandoning  its  temporary- 
support,  commences  to  collect  from  the  air  and  the  earth  the  materials  <jf 
which  it  is  to  consist.  Its  infantile  seed-life;  has  closed;  its  inde[>cnd- 
ent  aerial  life  has  begun. 

In  this  aerijd  life,  whicli  is  the  mode  of  existence  destined  to  continue 
until  absolute  death  occurs,  the  two  esflential  conditions  to  s„n,„jarvof 
wiiich  wc  have  drawn  attention  are  recognized-  There  must  Uit-  ™tniUii)oi 
be  a  steady  supply  of  material  for  the  building  up  of  the  °^^'"^^^- 
growiiLg  structures,  and  this  has  to  he  derived  from  external  sources. 
There  must  also  be  a  capability  of  so  grouping  or  moulding  the  material 
thus  acquired  that  the  various  parts  that  are  wanted — leaves  or  fruits, 
flowers  or  thorns,  may  be  made. 

The  manner  in  which  these  conditions  are  satisfied  presents  to  :ii  re- 
flecting mind  one  of  the  most  wonderful  examples  of  the  system  of  na- 
ture. We  have  alroitdy  shown  that  the  power  of  moulding  and  groii'p- 
ing  is  inherent  in  the  plant.  In  virtue  of  this,  while  it  was  yet  in  the 
ground,  and  therefore  in  the  dark,  the  germ  could  put  up  its  sterj  and 
fasiiion  Jta  im|jerfect  leaves,  but  it  did  not  possess  any  power  to  gather 
nourishment  beyond  that  which  was  stored  up  in  the  seed,  and  had  that 
stock  been  exhausted  before  it  reached  the  surface,  it  must  have  died. 

Gn 
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We  have  uiso  sliown  tliat  tlie  supply  of  new  material  is  always  fur- 
nished by  the  sun.  In  the  absence  of  big  rays  the  plant  may  organize, 
but  can  not  increaaeT  and,  indeed^  it  was  to  the  influence  of  liglit  that  the 
green  color  of  llic  Hrst  leaflets  was  due.  All  tbe  day  long,  and  witli  the 
more  activity  as  the  day  ia  briglitcr,  the  leaves,  which  are  the  collecting 
organs,  are  absorbing  material  from  the  air;  they  cease  to  do  it  at  night. 
The  sunbeam  enables  them  to  take  from  the  air  carbon,  hydrogen,  and 
nitrogen.     They  ftied  by  day  and  fast  at  night. 

Astronomers  say  that  tlic  Bun  ia  the  most  sublime  object  the  eye  of 
man  can  contemplate.  They  apeak  of  his  prodigious  mass,  and  describe 
how  he  compels  the  planets  to  move  in  obedient  circles  around  Itim.  To 
the  pliysiologiat  lie  ia  not  less  sublirac.  Tlie  most  insignificant  moss 
that  grows  on  the  wall  was  called  into  existence  by  hia  heat,  and  is  daily 
fed  by  his  light.     The  sunbeam  is  the  finger  of  Ciod. 

The  nutrition  of  plants  is  therefore  dependent  on  physical  causes. 
The  carbonic  acid  required  being  brought  to  them  by  aerial  currents,  0(>- 
casioncd  partly  by  the  warming  influence  of  the  sun  on  their  leaves  and 
partly  by  the  winds,  tlie  tendency  of  gasea  to  difltise  into  one  another 
aids  in  producing  the  same  result.  In  this  manner,  as  they  exhaust  the 
surrounding  air,  fresh  quantities  are  supplied,  the  separation  of  carbon 
firom  it  being  brought  about  by  the  agency  of  the  yellow  rays.  The 
leaves, also,  sometimes  follow  the  motion  of  the  sun,  or  present  ikcmselvee 
in  the  most  favorable  position  under  the  influence  of  the  indigo  rays. 

The  water  requisite  is  obtained  from  the  eoU  by  the  spongioles  of  the 
roots.  With  it  there  arc  carried  into  the  interior  of  the  plant  the  Kalirae 
and  inorganie  substances  necessary  for  its  structure.  These,  since  they 
are  often  of  sparing  aolubility  in  water,  will  require  large  quantities  of 
that  liquid  lo  cflect  tlicir  introduction  to  a  proper  amount.  During  the 
course  of  a  summer  there  may  pass  through  tlie  system  of  the  plant 
perhaps  many  hundred  times  its  weight  of  water — a  prodigious  amount 
when  the  phenomenon  is  considered  on  the  great  scale. 

Cuvier  speaks  of  the  inferior  organisms  as  furnishing  us  with  a  series 

„,    ,       ^        of  experiments  made  by  the  hand  of  Natui*e,  rn  idea  often 
Relation  of  or-  ^  ^  J 

gAnisrajt  lo  quoted  and  often  admired,  but  which  is,  perhaps,  scarcely  con- 
c/m:  at  er.  ^[stcnt  witli  enlarged  conceptions  of  the  system  of  the  world. 
An  organism,  no  matter  Jiow  high  or  low,  is  not  in  an  altitude  of  isola- 
tion. It  is  connected  by  intimate  bonds  witli  those  above  and  those  be- 
neath. It  is  no  product  of  an  experimental  attempt,  which,  cither  on  the 
part  of  Nature  or  otbcnvise,  has  ended  in  failure  or  oidy  partial  isuccess. 
TIi.T  organic  series — an  expression  which  ia  full  of  eignificince  and  full 
■of  truth,  for  it  Implies  the  interconnection  of  all  organic  forms— the  or- 
ganic series  is  not  tlie  result  of  numberless  creative  blunders,  abortive  at- 
tempts, or  freaks  of  Nature.     It  presents  a  far  nobler  aspect      Every 


RELATION  OF  ORGANIC  rOHMS.  467 

member  of  it,  even  the  humbleat  plant,  is  perfect  in  itaetf.  From  a  com- 
mon origin,  a  SHiipk  cdU  all  have  arisen :  there  is  no  perceptible  micrfr- 
scopic  dtiference  between  the  primordial  vesicle  which  ia  to  produce  the 
lowest  plant,  and  that  which  is  to  produce  the  highest:  but  tiie  one,  un- 
der the  favoring  circumstances  to  which  it  has  been  exposed,  lias  contin- 
ued in  the  marcii  of  developroent^  the  career  of  the  other  has  been  stop- 
ped at  an  earlier  point.  The  organic  aspect  at  last  assumed  *|(,e  fomip  rf 
19  tlie  strict  representation  of  the  physical  agencies  which  have  "rfinniaailon 
been  at  work.  Had  these  tor  any  reason  vaned,  that  vana-  physkJ 
tion  would  at  once  have  been  expressed  in  ihc  resulting  form^  "IJ'^'"^'' 
which  is,  therefore,  actually  a  geometrical  embodiment  of  the  antocedenl 
physical  conditions.  For  what  reason  is  nn  offspring  like  its  parent, 
except  that  it  baa  been  exposed,  during  development,  to  the  same  condi- 
tions as  was  its  [larcnt  ?  Comparative  physiology  is  not  a  fortmtous  col- 
lection of  experiments.  Our  noblest  conception  of  it  is  the  conception 
we  have  of  analytical  geometry,  and,  speaking  in  mathematical  language, 
each  member  of  the  organic  scries  is  an  embodied  resnU  of  a  discussion 
of  the  equation  of  life  for  one  special  case.  Nay>  I  would  present  the 
whole  Bystein  of  Nature  as  included  in  the  same  idea.  The  inorganic 
and  lifeless  combinations  winch  arc  all  around  us  arc,  to  my  mind,  in 
truth,  in  that  equation  of  life,  the  analogues  of  the  imaginary  boIuI  ions  of 
the  calculus. 

It  was  a  felicitous  thought  of  Descartes  that  wc  may  represent  a.  geo- 
metrical form  in  an  algebraical  equation,  and,  by  the  proper  ,],^^^^  ,j  . 
consideration  and  discussion  of  such  an  expression,  determ-  tim  rieliitioii  of 
ine  and  delineate  all  tlie  peculiarities  of  such  a  form;  that  here  '^^^^"^1  f"™' 
it  should  become  concave  and  there  convex,  here  it  should  miuhncaige- 
run  out  to  infinity,  there  have  a  cusp.  The  equation  determ-  ^'"*^  ^^' 
inca  all  the  peculiarities  of  the  form,  and  enables  us  to  construct  it.  But 
if  the  original  conditiona  arc  inconsistent  with  one  another,  tlie  construc- 
tion can  not  be  fulfilled,  it  having  become  impossible.  In  the  same  man- 
ner arc  all  living  and  lifeless  forms  related :  an  increase  in  the  value  of 
one  condition  carries  development  forward  in  one  direction,  .and  increase 
in  the  value  of  another  condition  determines  development  in  another  way. 
and  these  variationa  give  rise  in  their  succession  to  the  whole  organic 
aeries.  But  in  these,  as  in  the  other  case,  if  inconsistent  conditions  have 
existed,  their  presence  is  indicated  in  the  resulting  solution,  which  can 
not  be  constmcted  as  an  organic  form,  but  ia  represented  as  a  lifeless 
mass. 

'*  God  ever  geometrizes,"  and,  it  might  be  added,  ever  materializes. 
Kvcry  organism  is  the  result  of  the  development  of  a  vesicle  under  given 
conditions,  carried  out  into  material  execution.  It  is  the  incarnation,  the 
embodiment,  the  lasting  register  of  physical  influences;  for,  if  such  Ian- 
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gutigc  nitty  be  with  propriety  uspil^  tbe  consequences  of  the  action  of  nat- 
ural agents  do  not  re:nain  as  u  barren  idea  in  tiic  creative  mind,  but  are 
presGtiled  as  a  material  and  tangible  result. 

Such  a  mathematical  conception  of  the  relations  of  the  various  forms 
around  U3  obliterates  at  once  the  line  of  demarcation  which  natural  his- 
lorj  haa  thus  far  vainly  attempted  to  define  with  correctnesB  between 
the  organic  and  inorganic  worlds.  In  the  system  of  creation  no  such 
boundary  exists ;  neither  does  one  exist  between  the  vegetable  and  ani- 
mal groups.  On  every  form,  all  existing  influences  have  exerted  thmr 
away;  gravitation,  lii?at,  electritity ;  the  result  is  the  issue  of  tlieir  action. 
The  ahapc  of  any  great  mountain  is  thus  the  record  of  evury  thing  tlial 
has  aft<?cted  its  mass  since  it  was  first  uplifted.  Its  ancient  jieaka  are 
the  register  of  every  auniracr'a  sun,  every  frost,  every  falUjig  rain,  every 
lightning  stroke.  It  19  what  it  is  because  of  theni ;  and  so  also  of  the 
lichen  which  unfoldis  itself  on  some  favorable  spot  on  the  rock.  Would 
it  be  there  at  iiU,  or  would  it  have  the  special  aspect  it  presents,  it' there 
was  not  a.  due  proportion  of  sunshine,  a  proper  ttnpply  of  moisture,  a 
suitable  temperature  ?  It  is  Bueh  conditions  which  have  called  it  forth. 
It  13  what  it  la  because  of  thcra.  In  this  respect,  between  the  inorganic 
and  organic,  there  is  no  diflerenco. 

The  preceding  elementary  examination  of  the  citcumstanceB  under 
ComHjtiun  of  which  pknta  grow  has  led  us  to  the  inference  that  in  their 
^''tuf''"^  "^^"^  E^^^  there  resides  a  plastic  pow^er  whose  function  it  is  to 
cr.  model  the  organic  mattei',  as  it  ia  furnished  by  the  sunlight, 

into  definite  sliapcs  or  organs.  We  now  proceed  to  correct  the  concep- 
tion we  have  thus  formed,  and  to  show  that  it  is  more  pliilogopiucal  to 
decline  the  idea  of  an  Uffeni  and  to  accept  that  of  a  comlitwn. 

Perhaps  the  most  simple  method  of  illustrating  this  idea  is  from  con- 
siderations connected  with  the  individuality  of  the  organisms  wiiich  have 
thus  arisen.  Directing  their  attention  to  plants,  botanists  have  occupied 
themselves  in  endeavoring  to  determine  what  is  the  attitude  in  which 
Coimiaerationa  tlicy  Stand.  Thcy  liave  tried  to  find  out  wherein  tJie  indi- 
SviSit^'^  viduality  of  a  plant  consists,  for  this  question  of  individual- 
offtplfltLi.  ity  lies  truly  at  the  basis  of  the  position  which  tliose  struc- 
tures occupy.  There  are  oaks  that  have  lasted  a  thousand  years,  but  are 
they  to  l>e  regarded  as  individuals  that  are  a  thousand  years  old  't  Is 
not  such  &  tree  rather  like  a  nation,  a  collection  or  colony  of  indi\iduaU, 
the  individuality  l>elonging  to  each  bud,  to  each  leaf  it  has  borne ;  for 
there  is  a  close  analogy,  if  not  an  absolute  identity,  between  the  process 
of  development  of  a  seed  in  the  ground  and  of  a  bud  upon  a  branch; 
both  have  tbeir  infantile,  both  tlieir  aerial  life.  The  leaves  of  the  oak, 
which  expand  in  the  spring,  fall  in  the  autuma  Their  origin  and  du- 
ties are  connected  with  astronomical  events.     Each  annual  ^neration. 
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while  it  lasted,  carried  forward  all  the  functions  of  the  tree,  as,  in  a  na- 
tion that  may  have  endured  for  a  thousand  years,  caclt  generation  of  men 
has  borne  ita  part  in  the  general  scheme,  and  made  provision  for  its  suc- 
cessors. The  individnality  therefore  lies  not  in  the  tree»  but,  perhaps. 
as  tima  far  considered,  sJiould  be  referred  to  tlie  bud. 

But,  moreover,  when  we  consider  the  modes  by  which  a  tree  may  be 
propagated,  as,  for  instance,  in  the  horlictaltural  processes  of  budding  or 
grafting,  our  views  of  this  question  of  individuality  must  again  be  modi- 
fied. By  these  artifici^d  opcmtions  an  original  stock  may  be  multijdied 
again  Rml  Hgain,  aiid  each  of  the  plants  so  arising  ia  nndistingiiishable  from 
any  other  that  may  liavc  Mmc  in  the  same  way.  Setting  aside  the  inci- 
dental difference  tliat,  through  the  interyention  of  artificial  means,  the  buds 
from  which  two  such  plants  have  originated  Iiave  l>een  brought  under  the 
condition  of  physical  independence  of  one  another,  the  one,  perhaps,  grow- 
ing in  Amerioa^  the  other  in  Europe,  ia  there  any  absolute  and  essential 
diticrence  between  them  more  than  there  would  hsTc  lieen  had  tliey  been 
permitted  to  remain  upon  the  parent  stock,  and  to  develop  themselves  into 
two  branches  thereof?  Huch  facts  suggest  to  ua  that  individuality  does 
not  belong  to  plants,  as  they  thus  present  themselves  to  us,  and  that 
perhaps  we  ought  fo  as-«umi2  an  individuality  of  a  higher  order — a  race 
individuality,  as  it  were.  In  this  manner,  all  weeping  willows  in  Europe 
and  in  America  arc  one  individual,  because  they  have  all  been  derived 
froiii  one  originnl  iriiported  Babylonian  stock;  and  the  same  miglit  be 
said  of  every  one  of  our  cultivated  fruits.  But  of  these,  if  a  seed  be  plant- 
ed, the  general  aspect  of  the  resulting  growth  may  possibly  be  the  same 
as  that  derived  from  a  graft,  and  bow  shall  we  then  make  a  distinction 
between  the  one  and  the  other  ?  for,  tho^igh  by  seed  development  the 
plant  may  chance  to  run  back  to  a  wilder  form  or  fo  produce  a  new  vai- 
riety,  this  result  is  by  no  means  absolutely  necessary. 

From  similar  con  side  rations,  some  physiologists  have  been  led  to  deny 
individuality  to  the  bud  and  the  seed,  and  to  refer  it  to  the  primary  cell : 
but  here,  again,  precisely  the  same  difficulties  are  encontitered.  A  cell 
may  multiply  itself  by  fissure  through  its  nucleus,  as  well  as  in  an  en- 
dogenous way ;  moreover,  cells  arise  from  granular  materiaL  Individu- 
ality, therefore,  except  it  be  that  of  a  lower  order,  can  not  be  attributed 
to  them,  and  the  question  of  the  determination  of  it  rests  precisely  where 
we  found  it. 

In  truth,  are  not  all  such  discussions,  in  their  very  nature,  illusory,  so 

long  as  we  liave  no  more  definite  idea  of  the  term  indi-vidu-  Th^  id^Aofin- 

ality?     Ifa  natural  philosopher  were  to  occupy  himself  with  jilal'la^caifij^ 

similar  discussions  rc3|ie,ctinp;  the  tlanic  of  a  lamp,  he  too,   pUnta. 

f        doubtless,  would  be  led  to  precisely  the  same  empty  conclusion.     He 

might  show  how,  in  such  a  flame,  there  are  separate,  well-marked  re-  - 

k l1 
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gions,  some  oi"  which  were  present  at  the  first  moment  of  its  existence, 
and  remain  to  its  end,  as,  for  example,  the  blue  portion  which  is  at  its 
under  pait*  He  might  ehow  how  every  one  of  tliesc  flames  tends  to  as- 
sume a  definite  or  determinate  form — conicaU  tor  in&tance-^and  proceed 
to  argue  that  this  is  the  result  of  tlie  interaction  of  external  causes,  as  the 
passage  of  currente  in  the  air,  and  some  interior  principle  or  power  pos^ 
sesscd  by  the  flame  itself.  He  might  considej  how  tliat  from  one  flame 
another  can  be  kindled,  in  all  respects  like  its  parent  in  quaUlics  or 
ahape ;  and  how,  in  succession,  from  one  original,  tnyriada  upon  mj^riada 
might  BO  arise.  He  might  engage  himself  in  disquisitions  aa  to  the  man- 
ner in  which  such  an  extraordinary  result  is  to  be  cxplaJT^ed,  and  as  to 
the  source  to  which  he  should  impute  with  exactness  the  origin  of  each 
of  these  independent  fiamca,  and  their  mutual  interrelation.  He  might 
inquire  if  the  force  which  each  possesses  was  originally  contained  in  the 
original  flame,  and  how  it  came  to  give  it  forth  without  loss  of  any  of  its 
own  power.  He  might  also  amuse  himself  with  questions  of  individu- 
ahty,  and,  in  doing  all  this,  it  would  be  no  more  tlian  physiologists  have 
done  before.  Between  the  case  of  the  trees  and  frames,  of  which  we 
have  been  gpcaking,  it  is  not  dii^eult  to  see  that  there  is  an  analogy. 

Are  plants,  in  trutli,  then,  nothing  more  than  temporary  states  through 
PI  u  arc  D  ^'ticli  material  substance  is  passing*  because  of  aonie  original 
eratioiis,  nut  phjejcal  imprcssion  made  upon  it,  and  the  present  operation 
in  ivi  UK  s.  ^^  external  circumstances  V  Can  individuality  be  applied  to 
them  any  more  than  to  a  flame  1  Instead  of  being  individuals,  are  they 
not  rather  the  transitory  results  of  an  operation? 

The  lamp,  which  we  have  been  uging  as  an  illustration,  nsay  serve  to 
.  ,  . ,  enlighten  our  path  a  little  tarther.  In  the  infancy  of  chemis- 
twMiiBiitant  try,  it  might  have  been  said  of  it  that  it  possessed  a  burning 
am  a  amc.  p^^^gj.^  which  enabled  it  to  dispose  of  tlic  matter  witJi  which 
it  was  fed,  just  as  wc  say  of  a  plant,  in  tlie  infancy  of  piiysiology,  that  it 
poaseases  a  plastic  power,  which  groups  into  definite  forms  the  substance 
with  which  it  is  furnished.  The  so-called  burning  power  was  derived 
from  another  flame,  in  all  respects  analogous  to  tEjat  which  manifests  it, 
and  is  nothing  marc  than  an  extension  of  a  physical  operation,  the  tend- 
ency of  u'hich,  so  far  from  being  to  check,  is  to  continue  as  long  as  the 
proper  material  is  furnisiied.  The  lighting  of  a  second  flame  is  essen- 
tially the  same  condition  as  the  continued  combustion  in  the  first.  The 
fact  of  scparateness  changes  the  phenomenon  in  no  respect  whatever;  the 
relation  of  two  separate  flames  is  the  same  as  that  of  two  different  parts 
of  the  same  flame ;  and  so  the  derivation  of  a  plastic  power  by  a  plant 
from  its  ancestor  is  essentially  the  same  thing  as  the  manifestation  of  a 
similar  power  in  different  paits  of  its  own  syalcm. 

Tiiough  it  may  therefore  be  convenient  to  speak  hypothetically  of  this 
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principlE  which  accomplislies  in  a  plant  the  grouping  of  its  parts  aa  if  it 
were  an  a^cnt,  the  foregoing  iliustrations  show  us  t]iat  all  the  fuels  of  the 
case  are  equally  well  salistied  on  the  stipposiliion  that  it  is  the  cotitinua- 
tion  of  an  ajw/'dtioa.  A  tiiultitudc  of  parallel  instances  present  them- 
selves. In  the  making  of  leavened  bread,  all  the  phenomena  would  seem. 
to  be  accounted  for  either  upon  the  hypothcais  that  there  resides  in  the 
leaven  or  ferment  an  agents  whose  quality  it  is  to  determine  a  epcci£c 
change  in  the  flour»  or  lliat  tliere  in  an  o^i'.ration  wiiich,  bccauae  of  the 
chemical  conditions  exifltlng,  is  gradually  spreading,  and  which  will  not 
cease  until  all  tUc  material  suhniitted  to  it  has  been  affected,  ami  this  ntJ 
matter  lihelhcr  it  be  id  the  same  mass  or  m  succeijsive  portiona.  Of 
sucii  hypotheses,  the  first  is  merely  an  elementary  idea,  the  latter  in- 
volves a  pliilosophical  conception. 

In  this  way,  therefore,  the  so-called  plastic  power  of  a  cell  or  the  germ 
of  a  seed  may  he  regarded  aa  the  continued  manifestation  Naiuru  of  tho 
of  an  atiteccdciit  impresgion  long  ago  made,  and  whicJi,  uti-  p'"^''^  power. 
der  tJic  existing  conditions,  lias  no  liability  to  wear  out  or  die  away ; 
and  that  impression  may  have  been  puiely  physical  in  its  iiature. 

Viewed  in  this  attitnde,  the  life  of  plants  is  a  physical  phenomenon. 
The  parts  of  which  the}'  arc  cnmposed  arc  furnished  to  ihcni  -n.e  jrre  of 
by  influences  of  a  mechanical  kind:  their  carbon  is  taken  by  !'j""j'^^|* 
a  true  chemical  decomposition  from  the  carbonic  acid  of  the  iitiyuomcuDn. 
air;  their  nitrogen  comes  from  ammonia  or  from  the  atmosphere.  Wa- 
ter is  drawn  by  capillary  attraction  from  the  ground.  In  virtue  of  its 
chemical  qualities,  it  canies  into  tlie  growing  system  the  varions  saline 
bodies  present  in  the  soil,  and  which  arc  needful  fof  the  economy.  The 
sunlight,  heat,  ra^in,  winds,  are  the  supplying  and  nurtnring  ]>owots,  and 
the  grouping  agencies  residing  in  the  plant  are  of  the  same  mechanical 
derivation  or  order. 

The  germination  of  a  seed  and  the  growth  of  a  plant,  as  thus  consid- 
ered, ahow  us  to  what  an  extent  physical  forces  are  concerned  in  vege- 
table orgaiiiKation.  The  conclui^ion  tlius  indicated  is  enlbrced  in  no 
common  manner  when  we  direct  our  attention  to  the  series  instead  of  to 
a  ainglc  plant.     Thii  is  what  1  propose  to  do  in  the  following  chapter. 
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CHAPTER  11. 

ON  THE  INFLUENCE  OF  PHTSICAL  AGENTS  ON  THE  ORGANIC  SERIES. 

Cif  the  Gfniiraphif  of  Pbintnt  fheh  horixantal andverlieal  fjicatizntittn, — fir/intni'f  (^' Ilratoii  or- 
ganic lAstriiintwn :  ifOffteraC  and  iaocMinftiut  Comiitians. — Kjft^U  of  VarittlioDs  in  Oie.  Dvna- 
ity  nf'  the  Air,  Mmsivre^  SaU,  Stmiiifftt,  Length  o/  Day, — Dfjimte  iluantltg  of  Ileal  rf^viftd 
bg  I'lants. 

Secular  I'trlarhnliana  w  ihe  Speaea  of  PlaaU. — Long  Periods  n/  Time  reqmrtd. — Secular  g«it- 
layiLal  Chnrrfft'S. 

Jnveret,  Prufiktu  of'  the  Inrvgliyadon  of  tht,  Earth'x  IH/flort/  /mm  hrrJbxMl  Flora.- —  Tiro  ffTfat 
terrejilriul  K/iotJut;  Cfhiinge.  vi  the.  Viwutilution  of  the  vlir,  aijrf  IjoCiiH^ation  of  OrgiiMfrnt 
through  DvUnc  of  th^.  A'lU'fA's  Interior  Jlmf. 

Difference  ^tweea  aiimpt  ttnit  t/riirlnui  IiiifirenKiona. — farpnabft   Onuses  fiC}/  produce  aLn^t 

Extension  of  ihf  aliorp.  Prmriplfs  la  tie  C'i»e  of  Anima/s.^Onte  of  t/te  Irtra  Indians. 

Genar€tl  ArgviNfftt  tnpporffd  {it/  the  /drtinftiurt  uf  p'urmx. — iMreioprnenf  is  tanler  lAr  ftiftucnre  o/ 

LaiB. — Rudiiuen/ary   Onjnna  und  iVocwcjf  of  Lttvtlepinent.^Tta  Idea  of  lJa:ttop3i\£nt   by 

Law  anuiftent  irith  natural  Facts. 

The  publication  of  HuMBOLiyr'y  Essay  on  the  Geography  of  Plants 
„  ,.  ,  firat  formally  drew  flie  attention  of  botanietB  to  tJie  connec- 
diatribtitjon  of  tion.  between  the  distribution  of  vegetables  and  the  distribu- 
^^  ■  tion  of  heat  on  the  surface  of  tiie  globe.     Starting  from  the 

equator  and  advaneing  to  the  pole,  m  either  hemispliere,  the  mean  annual 
temperature  declineg  as  the  latitude  becomes  greater,  and  in  Kuecession  a 
seiiea  of  vegetable  zones,  merging  gradoally  iiito  each  other,  though  eacli, 
where  best  marked,  perfectly  distinguished  from  the  succeeding,  is  encoun- 
tered. In  tlie  tropica  we  have  the  palms,  which  j^ive  m  striking  a  charac- 
teristic to  the  forests,  the  broad-leaved  bananas,  and  the  great  climbing 
plants,  which  throw  tliemselvee  from  stem  to  stem  like  the  rigging  of  a 
ship.  Next  follows  a  zone  deaeribed  as  that  of  evergreen  woods,  in  which 
the  orange  and  the  citron  come  to  perfection.  Beyond  this,  another  of 
deciduous  trees— the  oak,  the  chesljiut,  and  the  fruit-trees  with  which, 
in  this  climate,,  we  are  so  well  acquainted,  and  here  the  great  climbers  of 
the  tro]jic3  are  replaced  by  the  hop  and  the  ivy.  Still  farther  advanc- 
ing, we  pass  through  a  belt  of  conifers — lirs,  iarclics,  pines,  and  other 
needle-leaved  trees,  and  these,  leading  through  a  range  of  birches,  which 
become  more  and  more  stunted,  introduce  ue  to  a  region  of  mosses  and 
saxifrages,,  but  which  at  length  has  no  tree  nor  shrub ;  and  finally,  as 
the  perpetual  polar  Ices  (vre  reached,  the  red  snow-alga  ia  the  last  trace 
of  vegetable  organization. 

A  similar  series  of  facts  had  been  observed  by  Tournefort  in  an  ascent 
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of  Mount  Ararat.  He  found  that  the  distribution  of  the  veg-  y^.^^  i  a.^ 
etation  from  the  base  to  tile  top  of  tbe  mauntaiii  bore  a  gen^  trii.«iion  of 
eral  resemblance  to  the  distribution  from  tlio  base  toward  the  ^  *""" 
Arctic  regions.  These  facts  by  subsequent  observers  were  gencTaliKed, 
it  Iiavinf^  been  established  tliat  there  exists  an  analogy  between  horizon- 
tal difitribution  on  the  surface  of  the  globe  and  vertical  distribution  at 
different  altitudes  above  the  level  of  the  sea.  Even  in  the  tropica,  if  a 
mountain  be  sufficiently  high,  a  very  sliort  ascent  aufficEs  to  carry  ue 
from  the  chiitacteristic  endogenous  growths  ot  Ita  foot,  in  succession, 
tlii'ongh  a  zone  of  evergreens  into  one  of  deciduoua  trees,  and  tiiis,  a^ain, 
into  one  of  conifers,  the  vegetation  declining  through  mosses  and  lichena 
as  we  reach  the  region  of  perpetual  snow. 

In  these  two  caaes  of  horizontal  and  vortical  distribution  respectively, 
which  tlius  present  such  a  striking  botanical  resemblance,  Disiribuiion 
there  is  likewise  so  clear  a  meteoroloErical  analoffv  that  it  is  ■^fiitatdeicnn- 
impossiblc  to  avoid  coming  to  the  conclusion  ttiat  the  dis-  huiionof 
tribution  of  plants  depends  on  the  distribution  of  heat.  The  P'*""- 
same  climate  variation  encountered  on  a  surface  journey  directed  frora 
the  equator  toward  the  poled  ia  again  encountered  as  we  leave  tlic  foot 
of  a  tropical  mountain  and  go  toward  its  summit ;  for  it  is  a  well-ascer- 
tained fact  tiiat  the  fomperaturc  of  the  atmoftpliere  declines  as  we  rise  to 
greater  altitudes,  and  that,  no  matter  how  hi«^h  the  summer  heat  may  be, 
we  may,  by  a  vertical  ascent  at  any  locality,  come  to  a  region  where 
the  temperature  is  never  above  :J2^  Falir.,  and  where  ice  and  stiow*  there- 
fore, never  melt.  If,  in  any  locality,  the  mountain  ranges  arc  of  sufficient 
heifjht  to  gain  that  region,  tlieir  tops  will  be  covered  with  perpetual 
snow.  The  vertical  ascent  thus  to  be  made  is  leas  as  the  latitude  ia 
greater.  At  the  equator  it  is  15,200  feet,  and  at  tlie  eightieth  degree  it 
is  within  4.50  feet  of  the  ground.  Beyond  this,  the  surface  itself  is  per- 
petually j&ozcn. 

Tlie  moan  teniperatuTe  of  a  place  determines  its  vegetable  growth,  and 
hence  there  will  ever  be  r  resemblance  between  the  vegetation  of  places 
of  the  same  nte;in  temperature,  though  they  may  h>e  geographically  very 
wide  apart.  But  this,  thougii  a  resemblance,  is  very  far  from  being  an 
identity.  We  can  not  always  designate  by  name  tlie  particular  plants  of 
a  high  latitude  wiiicli  sliould  be  found  at  a  corresponding  elevation  in  the 
raounfatna  of  the  tropics.  There  may  be  the  general  resemblance  of 
which  we  have  been  speaking,  and  yet  tlie  genera  and  species  of  plants 
in  the  two  places  nj.iy  be  quite  distinct.  But  this  fact,  far  from  affecting 
the  truth  to  which  we  have  arrived  of  the  control  of  a  physical  agent 
such  a3  beat  over  the  distribution  of  plants,  leads  us  to  ex-  ,  , 
tend  it,  and  teaches  us  that,  though  we  might  expect,  in  other  phi-aical 
pkecs  far  apart,  identically  the  same  vegetable  growths  if  '^'"^'^^'""- 
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all  the  physical  conditions  were  identical,  yet,  since  heat  is  only  one  of 
these  conditions,  it  alofic  h  insufticicnt,  and  that  differences  in  the  press- 
are  of  the  air,  the  amount  of  moisture,  the  quantity  of  carbonic  acid,  ag 
ako  variations  in  the  constitution  of  t!ie  soil,  must  have  their  effect.  In- 
stead, llieiii  of  limiting  otir  views  to  the.  control  of  tempeiatuvc  over  the 
occunencc  of  plants,  we  must  enlarge  them  in  such  a  way  na  to  include 
diveria  other  intluenccs,  some  of  which  aiu  those  just  mentioned,  and  all 
are  equally  of  a  physical  kind. 

This  thercibre  brings  before  us,  in  an  impressive  manner,  the  subject  to 
wliieh  this  cliapter  is  devoted,  the  iiitiuencc  of  physical  agents  generally 
over  orgiiniziition. 

That  the  conditions  of  temperatui-e  alone  arc  insufficient  to  account  for 
the  occurrence  and  digtribution  of  plants  may  be  clearly  establislied  by 
the  aid  of  another  seriea  of  facta.  Tiu'ougliout  the  old  continent,  with 
the  exception  of  its  torrid  zone,  from  the  south  of  Africa  to  the  north  of 
Europe,  liealha  abouiid,  tlieir  species  being  very  numernna  in  tlie  south- 
ern latitudes,  less  bo  in  the  northern,  but  the  individuals  increasing;  in 
number  as  the  apeciea  diminish.  At  the  extreme  north  the  common 
heather  remains  as  the  sole  representative  of  the  whole  group,  and  so 
universally  covers  the  surface  as  to  give  a  characteristic  feature  to  the 
landscajie.  But  in  America,  which  reaches  through  all  corresponding 
degrees  of  latitude,  and  lias  in  its  proper  localities  t!ie  same  mean  tem- 
peratures, not  a  single  heath  ever  occurs.  Again,  in  the  New  World, 
through  forty  degrees  on  each  side  of  the  equator,  the  cactus  tribe  of  all 
kinds  of  grotcsfjuc  fonna  abounds,  but  in  Africa,  though  there  are  local- 
ities of  corresponding  temperature,  not  a  single  cactus  ig  to  be  seen.  The 
spurges  there  make  ihcir  appearance.  So,  again,  in  Australia,  the  forests 
present  a  melaiLcholy  and  flliadcless  character  from  their  leafless  casuar?^ 
naa,  acacias,  and  encaiypti,  whereasT,  if  temperature  alone  were  concern- 
ed, t]iey  should  offer  the  same  aspect  as  the  forests  of  North  vVmerica 
and  Europe. 

Restricting  our  examination  for  the  present  to  the  influence  of  heat,  it 
InflueiRNs  of  may  he  observed  tliat  this  is  by  no  means  so  simple  as  might 
heal s'Tnd  win.  ^*  *"*'  ^PP^""-  I*^  distribution  docs  not  correspond  with 
ter  eolda.  the  latitude*  the  lines  of  equal  mean  temperature,  isothermal 

lines,  not  coinciding  with  the  parallels  of  latitude.  If  wc  e.Naniinc  the 
zones  of  plant  distribution  just  described,  we  Hnd  that  they  follow  the 
isothermal  lines  much  more  closely  than  the  latitude.^  ;  but  even  here, 
again,  there  are  very  great  deviations^ — deviations  wliicli,  however,  are  to 
Bome  extent  understood  when  we  recall  that  it  is  not  so  much  with  the 
mean  annual  temperature  that  plants  are  concerned  as  with  the  special 
temperature  of  particular  moments  of  the  year.  For  the  most  part  tliey 
are  aflfeetcd  by  the  heat  of  the  Bummei  fieasOn;r  which  is  their  period  of 
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g;rowlh,  and  thougii  two  localities  may  have  llie  same  mean  annual  tein- 
perature^  it  docs  not  follow  that  their  maximum  at"  cold  for  liie  winter^ 
and  tiicir  muximum  of  heat  far  the  suniiner,  should  coincide.  It  was 
such  considerations  tiiat  led  to  tlic  construction  ot'isotheral  lines,  or  those 
of  equal  summer  heat,  and  isocliimenal  lines,  or  those  ot"  equal  winter 
cold. 

Into  the  causes  which  bring  about  this  difference  of  licat  distribution 
it  is  not  necessary  lor  us  licrc  to  inquire  minutely.  Tliey  Caustaofthe 
are  very  various.  The  prevalent  winds  at  different  seasons  tribud^n  of*' 
of  tiie  year,  ocean  currents,  tJic  geological  structure  of  a  coun-  beat, 
try,  even  wliat  might  be  termed  its  optical  qualiiies,  that  is,  its  power  of 
absorbing  tlie  rays  of  the  sun  (for  instance,  the  great  Desert  of  Sahara 
iLsliirLs  the  temperature  of  all  Europe),  and  upon  liltL  principles  must 
act  the  removal  of  extensive  forests,  and  their  substitution  by  equivalent 
Btirfaces  of  cultivated,  diltbrcnlly  colored,  and  differently  absorbing  landa, 
elevation  above  the  sea  levels  for  tiio  higher  the  country  the  lower  its 
temperature:  tiicsc,  and  a  multitude  of  other  such  eondi[loTii.s  impress 
an  eiflect  upon  the  distribution  of  hcM.  The  meyn  annual  temperature 
represents  these  and  all  other  such  influences,  and  includes  all  the  varia- 
tions, diurnal  and  nocturnal,  monthly  and  acason.il,  for  the  year. 

The  organic  functions  of  a  plant  demand  particular  temperaturea  at 
particular  times.  There  i^■^  doubtless,  a  special  degree  best  suited  to  the 
period  of  germination,  another  to  the  jwriod  of  aerial  growth,  another  to 
the  period  of  fertihzation,  and  anothcr-to  that  of  ripfniiig  the  seeds  ;  and 
these  degrees  differ  in  the  case  of  different  plants.  Where  the  require- 
ments become  ho  complicated,  it  would  be  erroneous  to  expect  that  the 
mean  annual  tenii)eralnre  should  satisfy  them  alL 

Connected  in  part  with  temperature,  and  in  part  with  elevation  above 
the  sea,  arc  the  variations  in  the  density  of  the  air.     These  mflucnceofva- 
control,  to  a  certain  extent,  the  aovial  supijlv  to  plants,  tlic  rUiiuns  io  the 
quantity  presented  to  their  leaves  dimiuiahing  as  tbc  tlensity  air— moisture, 
becomes  less,  *"-■ 

The  same  obscn'ation  may  be  made  respecting  moisture,  wiiich,  as  is 
very  wcU  known,  conalitutes  one  of  the  most  influential  condiitions  in  de- 
termining the  growtli  of  jilaiits,  and  this  in  a  floubie  way,  eitlier  as  va- 
por contained  in  the  air  or  us  rain.  The  effect  of  rain  in  this  respect  ia 
twofold:  it  diminishes  the  quantity  of  atmospheric  carboidc  acid  by 
exerting  over  it  a  solvent  power,  carrying  it  into  the  ground,  and  thereby 
reducing,  by  sometimes  as  mucli  as  one  half,  the  supply  on  which  the 
leaves  are  depending;  it  also  brings  in  larger  quantities  to  the  interior 
of  the  plant  the  saline  constituents  of  the  soil  which  are  requisite  for  lis* 
sue  development. 

To  variations  in  the  temperature,  the  density  of  the  air,  and  its  moist- 
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Ti]fluenct!«r  nrci  as  aflectiiig  the  weil-bcing  of  plants,  may  ]k  added  tlic 
the  wil.  clicniical  constitution  of  the  soil  upon  which  tlieygrow.  Lime- 
plaiita  can  never  be  developed  except  on  soils  in  which  that  earth  abund- 
ant3y  occurs,  and  the  same  may  be  said  of  potash  or  soda  plants,  or,  in 
short,  of  any  which  demand  some  special  mineral  ingredient.  Thus,  for 
instance,  the  gatsoks  and  salicomias,  which  grow  abundantly  on  the  At- 
lantic shores  of  France,  and  which  require  for  their  development  the 
saline  ingredients  of  the  sea,  are  nowhere  to  be  &een  throughout  Central 
Europe,  though  tiiey  reappear  on  the  salt  steppes  of  Rueaia,  and  abound 
around  the  Caspian.  We  should  scarcely  expect  that  sea-weede,  into 
the  composilion  of  which  bromine  and  iodine  abundantly  enter,  should 
eves  grow  in  waters  from  which  these  chemical  elements  are  totally  ab- 
sent* Upon  these  principles,  the  vcgct^ition  of  extensive  tracts  of  coun- 
try has  undergone  a  change  in  an  artificial  way.  Thus,  for  instance,  in 
Virginia  and  other  >Southem  States,  we  may  pass  for  miles  in  succesaion 
through  tracts  in  which  the  ancient  forest-growths  have  been  replaced 
by  the  Pinus  tada,  or  oJd  field  pine.  These  arc  tracts  from  which  the 
[jotash  salts  have  been  removed,  to  a  great  extent,  by  the  culture  of  to- 
bacco. And  of  the  indigenous  trees,  this  pine  requires  tlie  sraallpst  pro- 
portion of  those  salLs.  It  tliereforc  eaci  floiu-iah  wliere  the  others  can 
not  exist* 

From  what  has  been  said  in  the  last  chapter,  it  may  be  inferred  that 
Influeiiee  of  amoug  the  various  conditiona  thus  influencing  the  growth  of 
the  Hun'alighL  a  plant,  nonc  arc  of  greater  importance  than  the  amount  of 
light  furnished  to  it.  Throngii  this  agent  the  deconiposition  of  carbonic 
acid  is  effected,  and  the  plant  obtains  from  the  air  the  carbon  it  requires, 
out  of  which  its  solid  structures  arc  for  the  moat  part  built.  The  rapid- 
ity with  wliich  the  reduction  of  tlic  carbonic  acid  takes  jdace  depends 
upon  tlic  brilliaiicy  of  the  light,  and  the  amount  of  carbon  thus  obtained 
upon  tjiat  condition  and  the  time  of  exposure  conjointly.  The  amount  of 
light  received  from  the  sun  in  any  locality  depends  in  a  general  way,  as 
does  the  jieat^ujion  tlic  latitude^  hut  in  both  cases  a  multitude  of  disturb- 
ing agencies  intervene.  Variations  of  moi>iIure  control  the  supply  o("light 
by  permitting  a  translucency,  or  establishing  its  opposite,  a  cloudiness  or 
mnrkinesa  of  the  air.  Other  nieleoiological  eaup<'s,a!s,tor  example,  winda, 
by  condensing  or  removing  moisture,  act  in  like  manner ;  so  also  do  as- 
(Tifluont-c  of  tronomical  conditions,  especially  by  iuHuencing  the  relative 
Lhe  posiciornjf  length  of  the  day  and  night ;  for,  as  we  advance  toward  the 
lengtbof  the  pole,  tlic  summer  sun  is  above  the  horiiion  longer  and  longer, 
^y'  In  Northern  Europe,  during  the  month  of  June,  he  never  acts, 

but  remains  all  night,  if  night  it  can  be  called,  above  the  hnrizon;  and, 
as  lierzelius  well  remarks,  "Under  the  influence  of  this  midnight  sun  of 
the  North,  the  Ute  of  plants  runs  tlirough  the  same  cycle  of  change  iu 
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six  weeks  which  it  takes  four  or  five  months  to  accomplish  in  beautiful 
Italy." 

Attempts  have  been  made  to  eslablish  the  doctrine  that  every  plant 

retjiiires,  from  the  time  of  its  germination  to  the  dose  of  its  Dertnice  quah. 
organic  activity,  a  definite  amount  of  heat.  The  following  'J,^^^  |,^^' "" 
example,  in  the  case  of  barley,  is  furnished  by  Schleiden.  plants 
"  In  Kgypt,  on  the  banks  of  tha  Nile,,  barley  ia  Bown  at  the  end  of  No- 
vembei,  and  harvested  at  the  end  ofFebruiary ;  the  period  of  ■vegetation^ 
therefore,  amounts  to  about  90  days,  ajid  the  mean  temperature  of  thia 
Beason  ia  6d°  48'*  In  Tu(|uere3+  near  to  Cunibal,  uisder  the  equator,  the 
time  of  sawing  in  the  mountains  for  barley  ia  about  the  1st  of  June,  the 
time  of  harvest  the  middle  of  November;  the  mean  terapralure  of  this 
vegetating  season  of  168  tlays  ig  50^^  12'.  At  Santa  F^  de  Bogota,  they 
number  122  days  between  aecd-tiine  and  harvc3t,  with  a  mean  tempera- 
ture  of  ST'^  24'.  If,  now,  the  nunibt-r  of  days  is  multiplied  by  the  figures 
of  the  mean  tcmjierature,  we  obtain  6282  for  Egypt,  8433-|^  for  Tuque- 
res,  for  Sajjta  Fe  G489*§ ;  therefore  as  nearly  the  same  number  as  the 
uncertainty  in  the  estimate  of  the  days,  the  accurate  mean  temperature, 
and  the  want  of  knowledge  whether  or  not  the  same  kind  of  barley  is 
cultivated  in  all  the  j>laccs,  will  alloiv  us  to  expect.  Kiniilar  rcaulta  are 
obtained  for  wheat,  maiae,  the  potato,  and  other  cultivated  plants.  Wc 
may  express  these  results  thus:  Every  cultivated  plant  requires  a  cer- 
tain quantity  of  heat  for  its  development,  but  it  is  the  same  thing  wlieth- 
er  this  heat  is  distributed  over  a  shorter  or  longer  space  of  time,  so  that 
certain  liniils  are  not  exceeded;  for  where  the  mean  tcmjxirature  sinks  be- 
low 36*^  24',  or  where  it  rises  above  71°  3G',  barley  will  no  longer  ripen. 
Consequently,  to  define  accurately  the  conditiona  of  temperature  wiiich  a 
plant  requires  to  maintain  it  in  a  flourishing  condition,  we  must  state 
within  what  limits  its  period  of  vegetation  may  vary,  and  what  quantity 
of  heat  it  requires.  This  most  remarkable  circumstance  was  farat  ob- 
served by  Bousfingault,  but,  nnfortunateiy,  ive  ag  yet  possess  not  nearly 
sufficiently  accurate  accounts  of  the  co]idition.s  of  culture  in  the  various 
regions  of  the  earth  to  enable  us  to  follow  out  this  ingenious  view  hi  ail 
its  detaUs/' 

Kcspccting  the  caleulations  offered  in  the  preceding  paragraph,  the  re- 
mark may  be  made  that  they  contain  an  clement  which  vi-  T],p  cfTcEt  of 
tiatcs  their  correctness,  and  that,  if  the  projjcr  data  were  re-  '*'*'  ini-^nsity 
sorted  to,  the  general  principle  intended  to  be  demonstrated  ofheat  coasid- 
would  be  far  more  clearly  established.  The  degrees  of  the  "^*'^- 
thermometer  are  not  the  data  required,  for  that  instrument  indicates  the 
ititenstty^  but  not  the  quantity  of  heat.  If  some  form  of  calorimeter  were 
substituted  for  it,  the  result  would  turn  out  very  differently.  As  an  illus- 
ti-ation,  if  a  mass  of  ice  of  constant  surface  was  exposed  to  tlie  warmth  in 
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each  of  these  rarioua  cases^  tlie  quanlitj  of  water  arising  from  ita  melt- 
ing ahould  be  the  same  at  the  close  of  the  Bpecilicd  number  of  days.  In 
tliia  case  tlie  true  element  is  introduced — the  element  of  quantitj-,  as  de- 
tennined  by  one  of  the  ordiuary  calorimctric  methods. 

It  is  not,  ]mwever,  to  be  inferred  from  tliis  criticism  that  the  peculiar 
quality  of  hctvt  which  we  recognize  indiftercntly  by  the  terms  intensity, 
temperature,  or  degree,  is  without  sigiiiHcancc  in  the  case  of  plauts  :  the 
limiting  maxima  and  minima  between  which  a  given  plant  can  exist 
prove  that  both  conditions  exert  an  influence,  tliough  they  exert  it  in  a 
diRl'rent  way.  Doubtless  a  plant,  from  the  time  of  its  germinalion  to 
that  of  the  completion  of  its  organic  life,  must  have  a  dctinite  quantity 
of  heat  measured  out  to  it,  but  its  organic  fiinctions  might  be  fatally  in- 
terfered with  if  the  tempevattirc  should  rise  above  a  limiting  maximum, 
or  gink,  beneath  a  mintmnm. 

The  (letinite  quantity  of  heat  in  this  manner  demanded  by  eacli  plant 
is  probably  connected  with  a  purely  mechanical  eifect- — the  necessity  for 
the  evaporation  of  a  definite  quantity  of  water  by  the  leaves.  The  inor- 
ganic salt  substances  required  by  every  plant  are  introduced  through  its 
rootfl  in  a  state  of  solution  in  water,  and,  since  these  salts  are  mostly  of 
sparing  solubility,  a  great  quantity  of  water  ia  recjutred  to  accomplish 
the  object.  Nevertheless,  tliey  arc  dissolved  at  a  given  heat-degree  in 
an  invariable  proportion  in  the  liquid,  and  are  required  by  the  plant  in  a 
determinate  proportion  aa  compared  with  its  mass;  ao  that,  were  there 
no  otEier  reason,  tliis  docibtless  would  be  Bufticient  to  account  for  the  cir- 
cumstance under  consideration. 

It  should  also  be  remembered  tliat  every  plant  generates  a  certain 
DUiwriiance  amount  of  hcat,  wbicli  varies  with  its  organic  condition  at  the 
arisinirfrom  time,  Thc  experiments  of  Professor  Paine  present  this  in  an 
ibii  *'f  hoai  interesting  point  of  view.  The  following  extract  is  from  the 
in  [iianis.      Mcdical  aud  Physiological  Commentaries,  vol.  iL,  p.  75 : 

"On  the  9th  of  April,  1839,  wg  repaired  to  a  forest  in  New  Jersey, 
Pnsf.  Paino'B  provided  With  vcry  delicate  tLermometers,  of  Fahrenheit's 
espcrimenta.  gcalg^  constmctcd  for  OUT  objcct.  The  hulba  wcrii  no  larger 
than  the  etem,  tlie  range  of  the  mercury  extensive,  and  the  degrees 
marked  upon  the  glass.  The  stems  filled  exactly  the  bore  of  a  small 
spiral  auger,  and  when  the  glass  was  introduced  the  air  was  excluded  by 
applying  a  silk  handkerchief  around  the  hole.  The  perforations  were  all 
made  on  the  northern  side  of  the  trees.  Fifteen  minutes,  at  lea.st,  were 
allowed  for  the  subsidence  of  the  heat  that  arose  from  the  friction  of  the 
perforator,  and  the  thermometer  was  generally  reapplied  at  difTerent  in- 
tervals afterward.  The  ].jerforatiqng  were  made  about  fonr  feet  above  the 
ground,  and  the  diameters  of  tiie  trees  were  ascertained  at  tliis  point. 
When  tlie  diameter  waa  five  inches  or  more,  the  perforations  were  made 
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to  tlie  depth  of  two  jitid  a  half  inches.  When  the  diameter  was  less  tlian 
five  inches,  the  thermometer  was  introduced  as  far  as  the  centre  of  the 
tree." 

Of  the  tahha  given  hy  Professor  Paine  I  select  the  following;: 
"Kangc  of  thermomtiter  in  the  sliado  during  the  obsei-V'atiotia,  which 
lasted  six  hours,  Ironi  38'^  to  52°  :  near  freezing  at  sunrise. 

"A  dead  upright  dry  tr^  was  selected  as  a  standard  of  comparison, 
Ita  diameter  was  twelve  inches.  Tlte  tetiipcrature  of  tijis  tree,  at  the 
doae  of  our  observations,  was  45°  at  the  centre  and  i]i  all  other  porta. 

"JtiElAns  ftfinaraosfl,       diamcicr  10    iticlics,  i9^  Duds  slightly  culurgmg. 

da.            ij(h.  "  6  "  49"                  do. 

Fngtis  sylviitica,  "  JO  "  4D°  Riitls  swclliug. 

Qucn;ua  liTirioria,  "  7  "  4'J^  No  Imddiiiig. 

CiMtanQft  Americana^  "  12  "  60"           do. 

Betida  nj^jra,  "  4  "  51='  FlowerinR. 

gttljx  Bjil>yloiiica,  "  18  "  53°  Buds  unfolded. 

do.         do.  "  IB  "  53"             do. 

Finua  CanmlpTisia,  "  IS  "  Hi'* 

FLacaniu  Ocddcntalis,  "  18  "  CO"  Ko  budding, 

do,             do.  '•  e  "■  E4''         do. 

do.             do.  *'  4  "  53'^         do. 

jTHiipema  A'^igitiiana,  "  4  "  fi5^ 

Hobinia  Tscudiicatia,  "  3  "  62"          do. 

Fojiulus  li»vi|;ata,  "  4  "  02^  Ifi  bloom. 

do.          do.  "  4  "  64°         do. 

do.         do,  "  3  "  63^        do. 

do.         do.  "  3  "  65"        do. 

do.         do.  "  3  "  67*        do. 

do.         do.  "  U      "  58='        do." 

The  heat  which  is  tliua  liberated  liy  plants  stands  in  tlic  stead  of  a 
certain  amount  of  atmo.''pheric  heat,  and  therefore  complicates  the  preced- 
ing considerations. 

By  such  facta  as  those  whicli  have  now  been  presented,  we  may  be 
flatiafied  that  the  well-being  of  plants  is  afilcted,  and  even  A^cwni^iisJi- 
their  existence  determined  by  tlie  induence  of  external  agents,  I?J|'','i",[h,"^!I^ 
and  tliat,  in  this  manner,  they  arc  cajuihle  of  Jiaving  charrges  cica  ufiilanu. 
impressed  upon  them  tvcn  in  an  artHiciai  way.  If  we  furnish  to  them 
those  materials  or  conditions  which  their  circumstances  require,  they  will 
grow  with  luxuriance,  or  under  an  opposite  state  of  things  will  dwarf 
away ;  and  where,  for  a  long  period  of  time,  such  condiTiona  ore  imposed 
upon  successive  generations  of  them,  a  permanent  change  may  be  effect- 
ed, those  which  have  appeared  as  varieties  assuming  the  more  definite 
form  and  persistency  of  sub-species.  The  general  impression  alluded  to 
in  the  last  chapter,  that  such  peculiaritiea  arc  only  to  be  extended  by 
buddiiig  or  other  equivalent  operations,  and  that  tliose  which  we  regard 
as  different  individuals  arc  truly  fragments  or  parts  of  tlie  same  individ- 
ual, does  not  here  properly  apply.     A  like  propagation  of  peculiarity  is* 
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in  a  multitude  of  instances,  accompliahcd  by  the  use  of  seeds,  and  this 
precisely  in  t!ie  instance  in  whicli  we  ghouIJ  be  led  to  expect  it.  Of 
our  kitclieii-garden  plants,  the  carrot,  the  beet,  the  turnip,  the  cabbage,  the 
pea,  etc,  we  propngate  the  expected  kind  without  any  uncertainty  by  the 
use  of  eeeda,  never  supposing  that  they  will  run  back  to  tlie  wild  stock, 
or  give  origin  to  plants  difFereiit  to  those  from  which  they  were  derived. 
The  care  of  man,  exerted  for  many  years  upon  these  vegetables,  has,  then, 
impressed  upon  them  a  change  very  far  from  ephemeral  in  its  nature,  and 
enabled  them  to  pass  from  the  condition  of  mere  varieties  into  that  of 
acllial  sub-species. 

Acknowledging,  therefore,  the  influence  which  physical  agents  exert  on 
NetiBteiiyof  the  growth  and  development  of  plants,  and  admitting  ttiat 
i^Ki^fu^ai'aii'''^  favoring  circumstances  will  bring  on  a  moditication  of  form, 
tag  plants.  especially  if  applied  long  enough,  and  that  man  himself,  by 
his  arts  of  culture,  can,  without  difBculty,  establish  similar  variations,  we 
might  be  led  to  expect  that  more  profound  changes  in  external  circum- 
stances, if  steadily  applied  through  extended  periods  of  time,  would  give 
origin  to  more  striking  results.  A  variation  in  (he  constitution  of  the  air, 
in  the  brilliancy  of  light,  in  the  mean  temperature,  moisture,  or  chemical 
constitution  of  the  soil,  if  kept  up  for  thousands  of  years,  or  permanent- 
ly established,  could  not  fall  to  exert  a  prodigious  effect  upon  the  wliolc 
vegetable  world.  If,  for  example,  the  brilliancy  of  the  sun  in  the  slow 
lapse  of  centurica  should  gradually  decline,  or  the  mean  temperature  of 
the  surlaee  of  tlie  eartli  should  descend,  or  cnormoua  quantities  of  car- 
bonic acid  be  j>erniancntiy  removed  from  the  air  and  replaced  by  equiva- 
lent volumes  of  oxygen  gas ;  if  carbonate  of  lime^  to  an  extent  sufficient 
for  the  formation  of  geological  strata,  were  removed  from  the  waters,  in 
which  it  could  no  longer  be  held  in  solution  because  of  the  withdrawal 
of  carbonic  acid  from  the  atmospliere,  il  must  follow,  aa  a  matter  of  inev- 
itable neeessity,  that  the  whole  vegetable  world  would  feel  the  cbanj^je. 
Plunta  that  at  one  time  existed  could  exist  no  more ;  others,  by  gradu- 
ally accommodating  themselves  to  the  slow  revolution,  would  exhibit 
here  the  development  of  one  part,  there  tiie  development  of  anotiier,  and 
some,  which  perhaps  maintain  themselves  with  difficulty  under  the  old 
state  of  tilings,  would  now  begin  to  develop  themselveg  in  a  more  Uixu- 
riant  way. 

The  charges  here  spoken  of  hypotlietically  have,  however,  actuallly  oe- 
aei-iilaTibanirM  currcd  ill  the  history  of  the  earth.  We  can  not  shut  our 
occumriK  loihc  cycs  to  ilic  corresponding  march  wh[ch  vegetation  lias  made, 
•ioiiins  variB-  "  commencing  in  the  earliest  geological  times  with  the  stem- 
Uons  in  piniits.  l^ss  cryptogamifl,  followed  by  those  provided  with  sterna 
and  leaves,  the  gym^nospores,  such  as  the  conifers  and  cycadea?,  next 
Tii&king  their  appearance,  after  these,  monocotyledons,  and  at  last  the 
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dicotyledons — a  ateady  progreaaion  i'rom  thoae  which  we  may  term  of  n- 
lower  to  thoise  of  a  more  elevated  organization,  and  all  thia  was  produced 
by  the  iniluencc  of  physical  agents. 

On  so  firm  a  footing  may  we  regard  this  doctrine  as  now  placed,  that 
we  can  use  it  for  the  purpose  of  determining  from  the  ascer-  .  ...  . 
tained  botanical  condition  of  our  planet  at  any  period  the  tiicsc  principle 
physical  conditiona  under  which  she  then  existed,  and  this  "^'="'^^^'' 
with  a  precision  constantly  becoming  greater.  Among  the  more  impor- 
tant facts  wliich  Iiave  been  distinctly  made  out,  a  few  may  bo  cited  as 
illustrations  of  the  subject  now  treated  of.  For  example,  1st.  The  ex- 
istence of  a  tropical  climate  in  regions  of  very  liigh  latitude,  as  is  proved 
by  the  occurrence  of  fossil  tropical  plants  therein ;  2d.  That  all  over  the 
globe  tiic  temperature  was  once  nearly  uniform,  nothing  answering  to 
what  we  now  term  climatca  existing,  as  is  proved  by  tiie  uniformity  of 
the  vegetable  growths  preserved  aa  coal  from  the  equator  to  near  the  polar 
circles — great  arborescent  crj^ptogamia,  exceeding  in  size  the  arborescent 
ferns  now  growing  in  the  Pacitic  islands  under  the  equinoctial  line, 
From  auch  a  botanical  fact,  wc  reason  without  error  to  the  s«cre#sion  of 
conclusion  tliat  in  those  timfe-i  the  influence  of  the  smi,  so  ii'i'^atofl  on  tin- 
far  as  the  supply  of  heat  was  concerneil,  must  have  been  in«.i  from  ifa 
wholly  ovci-powcrcd,  the  intrinsic  temperature  of  the  planet  ft^^i' A"""*, 
obliterating  all  climalc  subdivisions.  3d.  That  these  climate  subdivi^-- 
ions,  whicli  are  now  presented  aa  existing  side  by  side  in  zones  upon  the 
planet,  were  introduced  for  ejich  latitude  in  an  order  of  succession  as  to 
time ;  that  even  tlie  frigid  zone,  by  reason  of  the  cooling  of  tlie  earth, 
liaa  passed  through  an  ultia-tropical,  a  tropical,  and  a  temperate  degree 
of  heat  to  reach  its  present  state ;  4th.  That  the  extinction  of  the  old 
vegetable  forms  was  accomplished  by  an  inability  of  those  organisms  to 
maintain  themselves  in  the  physical  revolution  t!iat  was  gradually  taking 
place.  Among  such  may  be  mentioned  the  dying  out  of  gigantic  cqui- 
setuma  or  horsetaila  twenty  feet  high,  club  raosaes  rivaling  forest  trees, 
calaniitcs  and  atigmarias,  these,  as  they  disappeared,  being  replaced  by 
cycadacea?,  and  conlfcrfc,  and  tree-like  liliaccie.  Even  long  after  the  de- 
posit of  the  coal  there  flourished  in  England  innumerable  palms,  whicli 
maintained  thenaselveg,  with  their  tropical  aesoctatcs,  into  the  tertiary 
times. 

Among  the  phyaical  events  which  geological  researches  disclose,  therr 
are  two  of  suqiasaing  importance  in  the  history  of  the  globe,  .j.^.^^ ,,  j,,  j^ 
and  both  of  thetn  inunediately  connected  with  the  doctrine  thn  hwtnry  of 
we  have  under  discussion ;  these  arc  the  change  impressed  '  "  ^  *  ■ 
on  the  atmosphere  by  the  withdrawal  froni  it  of  those  enormous  masses 
of  carbon  deposited  under  the  different  forms  of  coal,  and  the  localiza- 
tion of  plants  and  animals  in  climate  distribution  as  the  sun's  rays  be- 
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gan  to  assert  their  inflaence  tliroagh  the  lowering  of  tlie  surface  temper- 
Change  in  the  afore  of  the  globe.  The  tirst  of  these  events  was  not  alone 
"r^moi!"''^  limited  in  its  effect  to  a  disturbance  of  the  organic  functions 
pbcM.  of  phints  by  diminialiing  the  amount  of  gaseous  material  from 

which  they  gathered  their  support  in  the  air:  its  inHucnce  was  also  felt 
in  animal  life  bj  rendering  that  possible  which  was  not  possible  before 
— the  existence  of  the  quickly-respiring  and  hot-blooded  tribes;  for  it  fol- 
lows as  a  chemical  necessitj  that,  under  the  circumstances  of  the  case, 
the  removal  of  the  carbonic  acid  waa  attended  ftdth  the  evolution  of  an 
equal  volume  of  oxygeii  gas*  As  respects  the  influence  of  the  son,  which 
gradually  led  to  the  establiialLment  of  climates,  first  in  an  order  of  time, 
and  tlien  in  an  order  of  pkce,  this  was  the  signal  for  the  localization  of 
DflRnJia  WaH-  P^^.^'^s  and  animols  in  definite  regions^  From  many  coun- 
MtioniiffjIaDts  triea  which  they  had  thus  fax  inhabited  they  were  now  ex- 
"  ■"""  "'  pelled,  and  barriers  of  temperatTLirc  placed  around  them  wiiich 
they  could  never  again  overpass.  And  as  these  great  changes  occurred, 
they  were  attended  by  the  extinction  of  countless  forms  in  both  king- 
doms, which  were  utterly  unable  to  maintain  ihemselves  in  the  new  cir- 
cumstancea  around  them,  their  places  being  occupied  by  the  extension 
of  contemporaneous  forms,  or  by  the  appearance  of  others  that  were  wild- 
ly new. 

As  an  illustration  of  tho  manner  in  which  a  vegetable  organism  may 
Examnleoniie  ^  ^s^^d  in  this  imersc  way  for  the  determination  of  pliysic- 
invcriic  icitihod  al  condittons,!  may  introduce  the  following  quotation  frooa 
from  SchWaca.  (^^1^.1^1^^ ,  u  rpj^^  gradual  conversion  of  the  universal  trop- 
ical climate  into  the  present  clitnatal  zones  may  be  shown  in  another 
very  interesting  manner  in  quite  a  Kpecial  instance.  AH  ligneous  trunks 
of  coniferous  trees  continiioliy  increase  in  thickness  at  all  parts  of  their 
circumference.  In  the  equatorial  regions,  where  the  climate  retains  the 
same  character  uninterruptedly  throughout  the  year,  this  thickening  of 
the  trunk  proceeds  without  inteiTuption  and  homogeneously ;  no  mark 
betrays,  in  a  smooth,  transverse  section  of  the  stem,  the  time  which  was 
required  for  its  ibnnixtion.  As  we  proceed  toward  the  north,  however, 
as  the  climatal  conditions  produce  continually-increasing  diversity  in  the 
particular  Beasona,  the  corresponding  growth  in  thickness  shows  itself  to 
have  been  furthered  by  the  favorable  season,  and  restrained  or  allogetlier 
interrupted  by  the  tinpropitious  times.  In  a  cro53  section  of  a  stem  arc 
seen,  tlie  higher  the  latitude  in  which  it  has  grown,  the  greater  differ- 
encea  in  the  structure  of  the  successive  portions  of  the  wood,  until  final- 
ly, in  the  latitudes  where  there  ia  a  severe  alternation  of  winter  and  sum- 
mer, so  striking  becomes  the  diflerencc  between  the  wood  last  formed  in 
summer  and  that  first  produced  in  the  next  epringj  that  we  may  count, 
in  the  number  of  annular  marka  thus  produced  in  a  cross  section,  with 
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great  corfainty  anrl  accnracy,  tlie  nntnber  of  yejirs  wbich  have  tn^en  oc- 
tnpied  in  the  formation  of  the  trunk.  The  circular  lines  upon  the  cross 
jiection,  well  known  to  every  forester,  are  thence  called  annual  rings. 
When,  fortified  with  tlie  knowledge  of  thia  fact,  wc  compare  with  each 
other  the  trunks  of  the  conifers  which  we  obtain  from  the  various  epochs 
of  formation,  we  find  that  the  oldest  remaina  exhihit  no  trace  whateTer 
of  annual  ringsi  butj  in  the  course  of  time,  they  become  continualjy  more 
definctl,  BO  that  lastly,  in  the  most  recent  formations — for  instance,  in  the 
upper  brown  coal — they  appear  marked  jnist  as  distinctly  as  in  the  trees 
now  living  in  the  same  localitiea." 

In  speaking  of  artificiaJ  changes  impreseed  by  euUufe  upon  domestic 
plants  which  have  been  converted  from  varieties  into  snb-  ujiftreiica  be- 
species,  the  importance  of  the  element  of  time  waa  insisted  '**""  •J>™p* 
upon,  in  the  same  manner,  m  the  changes  which  have  oc-  imprn^siqTis  on 
curred  during  geological  periods,  the  successive  replacement  p'^^''* 
of  one  clasa  of  vegetable  forma  by  another,  that  element  again  obtrudes 
itself  upon  our  notice.  If  a  few  years  serve  to  establish  such  minor 
changes  as  the  perpetuation  of  varieties  into  sub-speciea,  what  should  be 
expected  from  the  enduring  influence  of  innumerable  centuries  ?  More- 
over, in  these  artlBcial  results  there  is  a  neees sary  abruptness,  the  appli- 
cation of  the  disturbance,  which  can  not  but  exert  an  unfavorable  infln- 
ence.  No  time  ia  afforded  to  the  organism  to  suit  itself  gradually  to  the 
force  excrrted  upon  if,  none  for  aeelimating  itself  to  the  external  variation. 
It  must  either  yield  at  once  or  perish.  But  how  different  as  respects 
the  method  of  application  in  the  coi3e  of  the  organic  series  I  If  it  be  de- 
cline of  temperature  that  we  consider,  how  shall  we  enumerate  the  suc- 
cessive centuries  that  must  have  elapsed  as  the  descent  was  made  from 
degree  to  degree  ?  In  these  later  times,  as  is  admitted  on  all  hands,  the 
rae^n  temperature  of  tl»e  surface  could  not  decline  the  tenth  part  of  a 
Fahrenheit  degree  in  the  lapse  of  10,000  years.  Yet  tlie  interval  baa 
transpired  during  which  there  has  been  a  gradual  descent  from  those 
high  therinometrrc  points  at  which  the  existence  of  organic  life  was  bwe- 
ly  possible,  and,  in  truth,  tlirough  a  far  gnrnter  range  than  that.  It  si^ 
nities  nothing  tliat  this  descent  might  have  })een  more  rapid  the  higher 
the  degree  ;  in  any  case,  it  imptics  a  prodigious  interval  of  time.  Or,  if 
we  consider  variations  in  the  light  of  the  sun,  either  because  of  his  being 
a  variable  star,  or  Imcause  of  the  gradual  clearing  up  and  improving 
trans]iareney  of  the  atmosphere,  we  are  brought  again  to  the  same  re- 
sult— long  periods  of  time ;  far,  though  there  may  be  among  the  fixed 
stars  some  whose  periods  of  variation,  as  respects  brilliancy,  are  short, 
included  perhaps  within  a  few  days,  or  even  hours,  if  we  had  no  better 
evidence,  history  aflsures  that  our  sun  is  not  one  of  that  quickly-varying 
group.     Or,  again,  if  we  consider  the  charges  which  have  indisputably 
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occurred  in  the  chemical  constitolion  of  the  air^  the  diminution  of  its  an- 
cient amount  of  carbonic  acid,  the  reduction  of  the  mean  percentage  of 
itfl  vapor  of  water,  the  increase  af  its  oxygen,  these  again  are  changeg  of 
a  secular  kind,  the  time  required  for  the  accompliahiuent  of  which  is 
wholly  hcyond  our  finite  com  prehension.  In  such  a  gradual  advance, 
organisms  for  many  generations  might  show  but  Httle  change,  yet,  iii 
the  end,  the  effect  must  come  to  be  profound.  Indeed,  all  the  great  nat- 
ural effects  we  witness  are  accomplished  in  this  quiet  and  gradual  way : 
the  traces  of  tempests  and  other  catastrophes  are  very  aoon  effaced,  no 
matter  how  violent  the  original  commotion  may  have  been ;  but  warmth, 
and  light,  and  moisture — causes  which  act  so  gently  that  we  might  over- 
look them- — are  the  agents  which  control  the  luiiversal  aspect  of  things. 
In  this,  as  in  other  respects,  the  strong  are  always  the  silent ;  and  in  the 
Ocular  uhvs-  ^low  lapse  of  majiy  centuries,  by  the  gradual  operation  of 
i-alchaugeaat-  uijivcrsal  forccs  thu3  gently  applied,  orcanic  forms  had  an 

[fnOed  by  pro-  .  ,  ,      .  ... 

luctiona  and  opj)ortunity  ol  accommouatmg  or  acclimating  themselves  to 
^^^xunctions.  ^|^^  ^^^^  state,  or,  if  they  failed  to  do  so  through  some  want 
of  correspondence  in  their  structure,  they  gradually  passed  away  and  be- 
(iame  extinct.  ,  It  ia  no  argument  against  the  transmutation  of  species. 
jr  even  of  genera,  tliat  we  have  never  witnessed  such  an  event.  We  can 
never  witness  the  necessary  combination  of  circumstances  which  should 
hiing  it  about,  above  all,  as  regarda  the  needful  lapse  of  time,  the  alow 
yielding  and  accommodation  which  .^uch  a  change  implies.  In  this,  &s 
iu  those  great  modifications  that  have  occurred  in  the  stratification  of 
the  globe,  the  like  of  which  has  never  been  seen  ui  the  periods  of  human 
record,  our  want  of  familiarity  with  them  ia  a  matter  of  very  little  mo- 
ment. The  remark  of  an  emLncnt  geologist  applies  with  e(j;ual  force  in 
both  cases:  "Changes  that  are  rare  in  time  become  frequent  in  eter- 
nity." 

But  it  may  be  said  that  if  by  external  influences  the  successive  spe- 
tindiul  chMgi!  cies  and  genera  in  this  manner  arose,  we  ought  to  find, 
iiTodtiiM  effects  ^^'^"  between  those  which  arc  most  closely  allied,  many  in- 
tiyabruptcrispB.  tcrmediatc  fomjs ;  for,  since  the  active  causes  were  gradual 
in  theiiT  operation^  one  organism  should  pass  into  another  by  slow  de^ 
greea — so  insensibly,  indeed,  that  it  would  perhaps  be  impossible  to  indi- 
ijate  the  point  at  which  the  proper  transition  was  made*  Such  an  ex- 
pectation is,  however,  founded  upon  a  total  misconception  of  the  charac- 
ter of  thes?e  progresses,  for  a  force  apphed  for  thousands  of  years  may 
show  no  effect,  Lot  at  lust  may  manifest  itself  by  an  instant  criais.  Mul- 
titudes of  illustrations  might  be  furnished  of  this  principle;  for  instance, 
the  motion  of  a  comet  may  bo  toward  the  sun  in  a  path  which  is  almost 
a  straight  line  for  scores  of  centuries,  but  on  a  sudden  it  assumes  a  curvi- 
linear course,  and  ac com plis lies  its  perihelion  passage  in  perhaps  a  few 
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lioura,  nnd  then,  receding  from  that  Inminajy,  takea  a  course  not  sensi- 
bly differing  trom  a  straight  line+  and  occupying  perhaps  centuries  in  its 
accomplishment.  The  variations  of  direxjtion  and  of  velocity  are,  how- 
ever, the  necessary  residts  of  the  conditions  under  which  its  movement 
IB  taking  place,  and  may  be  truly  said  1o  have  been  originally  included 
therein. 

This  instantaneous  or  critical  assumption  of  a  new  phase  may  also  be 
illustrated  by  the  functions  of  organic  beings.  Tims  the  ...  . 
foetal  mammal,  though  provided  Tvitli  limgs,  a  mechanism  in  from  iiie  lif? 
all  respects  ready  for  aerial  respiration,  does  not  pass  by  *  "^'^ 
graduated  etepa  from  placental,  wbicli  is  tnil^-  aquatic  bToathing,  but  the 
change  takes  place  On  a  sudden  at  the  moment  of  birth,  X'hese  and 
other  such  instances  may  therefore  satisfy  us  that  whnt  an  imperfect  in- 
daction  would  lead  us.  to  look  Ujwn  as  a  departure  from  the  existing  rule, 
or  as  a  breach  of  the  law,  may,  in  reality,  be  nothing  more  than  the  im- 
mediate or  legithnatG  consequence  of  it.  They  may  teach  ug  that,  in 
the  natural  progress  of  thiuga,  variations  do  not  necessarily  always  take 
place  in  bo  gradual  a  manner  aa  to  be  undistingui  a  liable  from  stage  to 
i*tage,  but  sometimes  instantaneously,  and,  as  it  were,  by  a  crisis. 

Again,  this  variation  by  crises  may  }>e  illustrated  by  many  familiar 
mechanical  contrivances.  The  case  of  the  common  seconds  MfctiBnii-ni  it- 
striking  clock  may  furnish  an  example*  I-*t  us  trace  the  '^isi-ratioas- 
aaccessive  conclusions  to  which  an  infjenioiis  man  micrht  have  come  at 
tiic  first  introduction  of  this  instrument,  his  investigation  of  it  being  sup- 
posed to  exclude  an  inspection  of  its  parts.  After  listening  for  a  length 
of  lime  to  the  beats  of  its  pendulunt,  he  would  observe  that  these  suc- 
ceeded at  precisely  regular  inlcr\-al3,  and  afEer  extending  his  examination 
through  two  or  three  tlioiisand  of  such  occurrenceaT  he  would  doubtless 
fieel  justified  in  coming  to  ths  conclusion  that  the  constnietion  was  of 
ftuch  a  nature  that  the  passage  of  successive  small  intervals  of  time  was 
indicated  by  the  occurrence  of  a  brief,  dull  sound.  His  first  conclusion, 
therefore,  would  be^  tliat  the  instrument  would  go  on  doing  this  continu- 
ously. 

At  the  dose  of  3600  such  observations,  when  the  truth  of  his  in- 
duction appeared  to  have  become  irresistible,  his  attention  would  be  ar- 
rested, and  his  faith  in  the  correctness  and  completeness  of  the  extensive 
inductive  conclueion  he  had  just  drawn  would  be  shaken  by  hearing  one 
loud  stroke  upon  a  bell.  Now,  probably,  he  would  suspect  that  the  struc- 
ture of  the  instrument  was  such  that  it  indicated  the  lapse  of  each  3600 
minor  beats  by  one  louder  stroke.  This  would  be  his  second  and  more 
improved  induction. 

Setting  himself  to  verify  the  truth  of  this  hypothesis,  he  would  watch 
the  instrument  through  3600  beats  more,  confidently  expecting  that,  at 
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the  conclusion  thereof,  the  hypothegb  to  which  he  had  thus  hastened 
would  bb  conHrmed.  True  to  the  time,  the  bell  would  again  strike,  but, 
instead  of  etriking  only  once,  it  would  strike  twice.  Admonished  of  the 
haetiiiesB  of  his  hypothesis,  our  philosopher  might  now  be  induced  to 
pause  before  he  generalized  agaiu^  and,  after  watching  tlu'Ough  3G00  raon^ 
beats,  the  clock  would  strike  thrice. 

Now,  Buiely»  he  would  feel  absolutely  certain  of  having  reached  the 
true  interpretation  of  the  action  of  the  machine  at  last.  Ilia  third  &nd 
corrected  conclusion  wouhl  i>e  that  each  group  of  3600  beats  was  register- 
ed by  the  bell,  the  number  of  strokes  upon  which  indicated  the  number 
of  such  groups,  and  that  this  it  would  do  continuously. 

patiently  listening  through  many  thousand  beats,  he  would  find  that 
every  tiling  coufiitned  his  new  and  improved  induction.  He  would  hear, 
in,  their  regular  succession,  ten,  eleven,  and  twelve  strokes  made  by  the 
clock.  Of  course,  his  expectation  would  now  be  confirmed  that  at  the 
next  time  the  clock  struck  it  would  be  thirteen.  How  great  would  be 
his  Burpriae  to  find  it  was  only  one '. 

Perscveringly  continuing  his  examination,  he  would  recch,  at  last,  tho 
true  law  regulating  the  indications  of  the  machine,  and  would  rind  that 
tlie  partial  conclusions  to  which  he  had  succeetiively  (urrived,  and  whicJi 
he  had  thought,  at  the  time,  to  be  substantiated  by  a  supertiuity  of  facts, 
were  in  theuiaelvea  incomplete,  and  in  that  respect  erroneous ;  but  he 
would  aUo  observe  that  whatever  truth  there  was  in  them  waa  embraced 
iu  the  final  induction  that  the  machine  wae  not  &&  simple  as  he  had  at 
tirst  supposed,  an  J  iliat  the  criticjd  variations  w^hieli  in  succeseion  had 
surprised  him  were  all  embraced  in  the  original  plan  of  its  construction. 
Our  imaginary  philosopher  has  passed  through  a  mental  exercise  precise- 
ly like  that  whicii  is  befalling  modern  comparative  pliysiologistg.  From 
his  labors,  disappointments,  and  eventual  success,  they  may  gather  cn- 
coui'ageraent.  The  clock  of  the  universe  does  uot  forever  go  on  vibrat- 
ing monotonously.  A  thousand  years  upon  it  are  only  aa  the  beat  of  a 
pendulum ;  but  it,  toOi  has  its  periods  of  critical  variation — variations  thai 
were  included  in  its  original  device. 

The  point  which  I  wish  to  impress  by  these  illustrations  is,  tliat  thert- 
A  II  I'  of  '**  ^  definite  career  which  an  organism  must  ibllow,  accord- 
the  preceding  jng  to  its  exposuro  to  existing  physical  conditions,  and  th&l, 
Uiaatraiioti.  tiiough  this  career  may  seem  to  be  continuous,  it  by  no  meaik- 
follows  that  it  shall  not  exhibit  an  instantaneous  and  critical  change,  and 
that,  on  a  sudden,  the  organism  may  assume  a  specifically  new  aspect; 
and  though,  in  what  has  thus  far  been  said,  reference  has  been  had  chief- 
Tnflnenw  of  ly  to  plants,  these  obsei-vations  all  apply^  in  like  manner,  to 
M^tbrfMS"tIf  ii"'™^-  I  ^^  f^ot  propose,  however,  to  enter  on  tliat  branch 
uwb.  of  the  inquiry  now,  but,  as  an  illustration  of  tiie  influence  of 
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physical  agents,  even  on  tlie  highest — man  himself— shall  offer  the  fol- 
lowing example : 

M.  D'Orbignj,  in  his  description  of  tiie  Inca  Indiana  of  South  Amer- 
icst  remarks,  "  It  has  always  been  observed  that  the  trunk  ia  ^ase  of  tii* 
longer  in  proportion  tiian  among  other  AmericanB,  and  that,  I"«  Indisni. 
tor  the  same  reason,  the  extremities  are,  on  the  contrary,  shorter.  Wc 
endeavored,  at  the  same  time,  to  explain  thia  fact  by  the  greater  devel- 
opment of  the  chest.  It  would  appear  that  any  part  of  the  body  may 
take  a  greater  extension  from  any  adequate  cause,  while  other  parts  fol- 
low the  ordinary -course.  An  evident  proof  of  this  fact  may  be  found  in 
the  phenomena  of  imperfect  conformation,  in  which  a  certain  i>art  of  the 
body,  in  consequence  of  deformity,  doea  not  assume,  in  external  appear- 
ance, its  complete  natural  development,  as  we  see  in  the  tniink  of  a  dwarl", 
while  this  defect  does  not  prevent  the  extremities  from  acquiring  those 
proportions  that  they  would  have  had  if  the  trunk  had  received  its  full 
growth.  This  accounts  for  the  want  of  symmetry  in  the  persons  of 
dwarfs,  and  for  tliat  length  of  the  upper  and  lower  limbs  ao  nmcli  out  of 
proportion  to  the  body.  If  wc  admit  thia  fact,  difficult  to  contest,  why, 
in  the  case  in  question,  may  we  not  as  well  admit  that  the  chest,  from  a 
cause  which  we  shall  explain,  having  acquired  a  more  than  ordinary  ex- 
tension, might  naturally  lengthen  the  trunk  without  causing  the  cxtreni- 
ities  to  lose  their  nomial  proportion,  which  would  make  it  appear,  as  in- 
deed it  would  be,  longer  than  among  other  men  where  no  accident  can 
have  altered  the  form  common  to  the  race  ? 

"  Let  ua  return  to  the  causes  which  occasion  in  the  Tncaa  the  great 
volume  of  chest  wliicli  has  been  obaer\'cd  in  tlicm.  Many  consiideta- 
tions  have  led  us  to  attribute  it  to  tiie  influence  of  the  elevated  regions 
in  which  they  live,  and  to  the  modilicationa  occasioned  by  the  extreme 
expansion  of  the  air.  The  plateaux  which  they  inhabit  are  always  cotn- 
priaed  between  the  limits  of  7500  to  15,000  feet  above  the  level  of  the 
sea.  There  the  air  is  so  rarefied  that  a  much  greater  quantity  must  be 
inhaled  at  each  inspiration  than  at  the  level  of  the  ocean.  The  lunga 
require,  in  consequence  of  their  great  necessary  volume,  and  of  their 
pTBitcr  dilatation  in  breathing,  a  cavity  larger  than  in  the  lower  regions. 
This  cavity  receives  from  infancy  and  during  the  time  of  Its  growth  & 
great  development  entirely  independent  of  that  of  the  other  parts.  We 
were  desirous  of  determining  whether,  as  we  might  suppose  a  pnon,  the 
lungs,  in  consequence  of  their  great  size,  were  not  subject  to  extraordi- 
nary modifications.  Inhabiting  the  citj^  of  La  Paz,  upward  of  11,000 
feet  above  the  level  of  the  ocean,  and  being  informed  that  in  the  hospital 
there  were  constantly  Indiana  from  the  populous  plateaux  still  more  ele- 
vated, we  had  recourse  to  the  kindness  of  our  countryman,  Bl.  Buniier, 
physician  to  the  hospital,  and  he  permitted  us  to  make  a  post  mortem 
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examination  of  some  of  these  Indians  from  the  highest  regions.  In  these 
we  have,  as  we  expected,  found  the  lungs  of  an  extraordinary  dimenaion, 
wiiiuJi  the  external  form  of  the  chest  clearly  indicated.  We  remarked 
that  the  cells  were  mucli  larger  and  more  in  number  than  in  those  of  the 
lungs  we  had  dissected  in  France  ;  a  condition  very  neceaaary  to  iiitirease 
(he  surface  in  contact  with  the  ambient  fluid.  To  conclude,  we  have 
discovered,  1st.  That  the  cells  were  more  dilated  ;  2d.  That  their  tUlata- 
tion  increases  considerably  tiie  volume  of  the  lungs ;  3d.  That,  canse- 
quenlly,  they  must  have  to  contain  them  a  larger  cavity ;  4th.  That, 
therefore,  tlie  chest  has  a  much  larger  capacity  than  in  the  nonnal  state; 
5th.  That  this  great  development  of  the  chest  elongates  the  trunk  beyond 
its  natural  proportions,  and  places  it  almost  out  of  harmony  with  tha 
length  of  the  extremities,  this  remaining  the  same  as  if  the  cheat  had 
preserved  its  natural  dimenstons/* 

With  respect  to  the  doctrine  of  tlie  influence  of  physical  agents  on  or- 
^nnimcntrrom  gs^'^atjon  generally,  we  admit  without  hesitation  that  the 
the  cxilnction  extinctwfi  of  forma  has  been  accomplished  through  outward 
u   onn»,  causes,  decline  of  heat,  etc*    These  extinctions  are  intimate- 

ly connected  with  the  appearance  of  new  organisms,  and,  indeed,  are  to 
be  regarded  as  being,  with  them,  essential  parts  of  a  common  plan.  It 
would  not  appear  agreeable  to  the  mode  in  which  the  scheme  of  Nature 
is  carried  out  to  invoke  one  class  of  Influences  for  the  removal  of  the 
vanishing  forms,  and  a  totally  difterent  one  for  the  introduction  of  the 
iiew-conjcra.  There  seems  to  be  a  Letter  liannony  in  the  supposition  that 
all  these  things  are  managed  upon  similar  principles,  and  that,  since  it  is 
the  failure  of  congenial  conditions  which  closes  the  term  of  life  of  a  race,  it 
was  the  auitability  of  those  conditions,  or  f  Iieir  conspiring  together,  which 
gave  it  origin. 

The  influence  of  decline  of  temperature  appears  when  we  examine  par- 
iiiflnc-nre  of  ticuUt  individuals  or  particular  species  cither  of  plants  or  of 
(itdiae  of  wtu-  animals.  Thus  the  Virginia  chcrrj'  attains  the  height  of  lOO 
pLf  ure.  j^^j.  -^  ^j^^  Southern  States,  and  is  dwarfed  to  a  shrub  of  not 

more  than  five  feet  at  the  great  Slave  Lake ;  the  nasturtium,  which  ia  a 
woody  shrub  in  warm  climates,  becomes  a  succulent  annual  in  cold.  Or, 
if  we  examine  some  special  tribe  of  life,  n-s  ililne  Edwards  has  done  in 
l!ie  case  of  crustaceans,  tlie  higher  the  temperature,  the  greater  the  lia- 
bility to  variations  of  species,  the  more  numerous  also  the  differences  of 
forra^  and  the  attainment  of  a  greater  individual  size.  That  these  varia- 
tions are  the  actual  consequences  of  the  physical  conditions,  and  not 
merely  collateral  results,  is  shown  by  supplying  the  condition  that  is 
wanting.  We  can  imitate  the  natural  result^  in  an  artificial  way,  in  hot- 
bouses  ;  the  plants  of  the  warmest  climate  may  be  grown,  and  the  effects 
of  fiiiramcr  imitated  at  any  season  of  the  year.     \Maat  better  proof  could 
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we  have  of  tlie  control  of  the  agent  heat  over  development,  than  the  well- 
aacertaincd  fact  tluit  the  tiine  of  emersion  of  Jarvie  dependa  upon  the 
temperature?^  The  ailk-grower,  by  placing  the  eggs  of  the  insect  in  ati 
ice^houiie,  retards  them  ag  long  as  lie  pleases.  The  amputitted  limba  of 
the  water-newt  can  only  he  reproduced  at  a  temperature  front  5S°  to  75°. 
The  tadpole^  kept  in  the  dark,  does  not  pass  on  to  development  aa  a  frog. 
In  decaying  organic  solutions,  aninialenles  do  not  appear  if  light  be  ex- 
cluded. 

Upon  the  whole,  therefore,  we  conclude  that  organisms  of  every  kind, 
so  iar  trora  presenting  any  resistance  to  change,  are  im-  chnnf^aofer- 
pressed  without  any  difficulty  by  every  exterior  condition ;  '^""'i' """"nva 
and  ainco  existing  natural  circumstances  have  been  main-  riable  inwa. 
tained  for  a  long  time  without  any  apparent  change,  their  sameness  pro- 
duces A  sameness  in  the  order  and  manner  of  development.  But  it  should 
be  bome  In  mitiid  that  thtd  idea  of  sameness  can.  be  entertained  only  on 
an  imperfect  view  of  the  state  of  Nature,  for  (here  is  scarce  one  of  those 
conditions,  to  the  saracnesa  of  which  we  have  been  referring,  which  has 
not,  in  reality,  undergone  alow  secular  variations;  and  with  tliose  changes 
there  Jiave  been  changes  in  the  manner  of  development. 

In  truth,  as  I  have  on  a  former  page  ohHcn-ed,  the  only  things  which 
are  absolutely  unchangeable  are  the  laws  of  Nature,  such,  for  instance, 
as  that  of  gi'avitation ;  every  thing  else  is  to  Ije  looked  upon  as  an  effect, 
or  as  a  changeable  phenomenon  arising  from  the  operation  of  those  laws. 
So,  therefore,  though,  in  tliis  cEiapter,  the  (erms  physical  in-  .Suwcnsivc  mei. 
Iluences  and  natural  conditions  have  been  repeatedly  u^^cd,  ""«*eiiu^n"a*f 
yet  a  higher  and  more  philosophical  view  of  the  case  brings  imjiriflUk  law. 
U3  inevitably  at  last  to  the  idea  of  law  ;  and  therefore  I  accept  the  in- 
terpretation of  all  these  facts,  which  lias  of  late  years  been  impressing 
itself  more  and  more  strongly  and  clearly  on  the  minds  of  physiologists, 
that  the  development  of  every  organism,  from  a  primordial  cell  to  its 
rtnal  condition^  however  elevated  tliat  condition  may  be,  is  the  inevitable 
conaetjuence  of  the  operation  of  a  iiniversalT,  invariable,  and  eternal  law. 

All  animals,  no  matter  what  position  they  occupy  in  the  scale  of  na- 
turCf  unquestionably  arise  in  the  first  instance  from  a  cell,  which,  posBess- 
ing  the  power  of  giving  birth  to  other  cells,  a  congeries  at  last  arises*  the 
size  and  form  of  which  is  determined  wholly  by  external  circumstances. 
In  all  cases,  the  material  from  which  these  cells  are  formed  is  obtained 
from  without,  and,  whatever  the  eventual  shape  of  the  structure  may  be, 
the  tirst  cell  is  In  all  instance.'!  idikc.  There  is  no  perceptible  diflerencc 
between  the  primordial  cell  which  is  to  produce  the  lowest  plant  and 
that  wliith  is  to  evolve  itself  into  the  most  elaborate  animal.  The  mode 
i)f  growth,  and  the  arrangement  of  the  new  cells  as  thoj  come  into  exist- 
ence, determining  not  only  the  form,  but  also  the  functions  of  the  new 
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fjeing,  d<^pend  on  the  particular  physical  condirions  tinder  whicb  the 
growtli  is  taking  jilace.  The  germ  which  ia  to  produce  a  lichen  obtains 
trom  materiala  around  it  the  substances  it  wants  as  best  it  maj-j  but 
the  gent)  which  is  to  end  in  the  development  of  man  is  brouglit  in  suc- 
eeasion  under  the  intluence  of  many  distinct  states.  Aa  a  consequence 
of  thisj  it  gives  rise  in  succession  to  a  aeries  of  animated  forms,  which,  aa- 
auming  by  degrees  a  higlier  complexity,  end  at  last  in  the  perfect  hnman 
being.  At  one  time  it  was  believed  that  these  metamorphoses^  aa  they 
are  termed,  are  Limited  to  insects  aud  frogs :  the  insect^  which  at  first 
appears  under  the  form  of  a  caterpillar  as  it  comes  from  the  egg,  and, 
passing  through  the  pupa  state,  at  last  takes  its  true  position  as  a  wing- 
ed being ;  tlie  firog,  wliich,  apj^eiiring  at  tirat  from  the  O'^'um  *s  a  true 
fish,  whose  respiration  is  carried  forward  by  gitls,  and  whose  life  ia  lin]- 
ited  to  the  Water,  at  laBt  asstmiea  a  new  constitution  and  a  new  organi- 
zation, breathes  by  lungs»  and  becomes  an  amphibious  reptile.  But  it 
is  now  known  that  these,  so  far  from  being  eiceptiona,  are  only  instances 
of  a  general  rule,  which  ia,  that  all  organized  beings  siiall  begin  existence 
At  the  bottom  of  the  scale,  and,  taking  on  one  type  of  life  after  another,  in 
more  or  less  rapid  succession,  end,  finally,  in  assuming  a  size  and  form 
analogous  to  those  of  the  parent  which  gave  them  birth. 

There  ia  a  general  resemblance  between  the  life  of  an  individual  and 
the  life  of  a  species.  Each  has  its  time  of  birth,  its  time  of  maturity^ 
its  time  of  decline ;  each  also  has  its  embryonic  states.  The  fossil  formp 
of  the  early  geological  ages  are  in  many  cases  the  embryos  of  exiatinjE 
animals.  Upon  each  all  natural  agents  have  exerted  their  effects,  push- 
ing forward  or  retarding  development ;  and  this  ajiplies  not  only  to  an- 
imals, but  also  to  plants:  it  is  in  accordance  wi)h  the  principles  we  arc 
setting  forth  that  over  the  w^hole  domain  of  lilie  natural  ibrces  exert 
ibeir  sway.  Cljange  the  conditions  under  which  growth  is  taking  place. 
and  you  at  once  change  resulting  form  and  function.  It  is  in  this  man- 
ner that,  on  a  small  scale,  the  horticulturist  works  in  furnishing  ua  wliat 
are  called  improved  varieties  of  flowers  and  irnits.  It  is  in  this  manner 
that  animals,  known  to  have  been  indisputably  of  the  same  original  kind, 
assuine  such  different  forms  and  characters  in  various  climates.  It  ie 
true,  we  can  not  es[>cct  in  an  abrupt  manner  to  bring  about  sucli  strik- 
ing modi  Heat  Ion  9  iti  a  solitary  individual,  for  the  lilc  of  an  individual  is 
readily  destroyed,  but  not  so  the  life  of  a  race ;  and  Nature,  carrying  on 
her  operations  in  the  slow  lapse  of  centuries,  and  dealing  with  races 
rather  than  individuals*  forces  them  up  to  any  ]>oint  of  development  she 
nmy  desire,  but  still  the  impress  of  the  laws  under  which  they  have  been 
brought  to  that  condition  is  upon  them,  and  each  betrays,  in  the  embry- 
onic and  foital  forme,  a  manifestation  of  the  metamorphoses  throngh 
which  his  race  has  run. 
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Onr  attention  might  here  be  directed  to  that  interesting  claae  of  phe^ 
nomena  known  to  comparative  anatomists  uodcr  the  title  of  HudinLL'ntvi 
mdinieiitary  organs— tliat  is  to  aay,  or^ns  whicli  exist  in  an  ^p7r""in*r. 
appmrenllj  undeveloped  and  useless  condition,  such,  for  in-  preution. 
stance,  as  the  mamma!  of  the  male  mammalian,  or  the  subcutaneous  feet 
of  certain  snakes — for  these  are  facta  intimately  connected  with  the  sub- 
ject before  U3.  It  looka  as  if  Nature  atopped  short  in  her  attempt  a\ 
reaching  perfection,  but  it  proves  to  us  the  constaiicy  of  tiie  pkna  on 
which  she  works.  In  the  case  of  the  whale,  which,  though  apparently 
belonging  to  the  fishes,  ia  a  warm-blooded  mammal  and  suckles  its  young, 
the  general  type  of  its  class  is  observed  even  dawn  to  rainutc  particulars ; 
it  is  tlie  attribute  of' those  belonging  to  it  that  they  shall  have  seven  cer- 
vical vertebnf,  and  thia  is  equally  the  case  with  line  caraelopard,  with 
jta  long,  graceful  neck,  and  the.  mole,  which  seems  to  have  no  neck  at 
all.  In  the  whale,  which  conforms  to  that  general  rtdc,  the  teeth  are, 
moreover,  found  in  tlic  jaw,  in  the  earOcr  period  of  life,  uncut,  precisely 
as  we  tind  theui  at  Lirth  in  the  human  infant.  In  this  last  instance  we 
think  we  see  a  wise  proviston  and  foresight  of  nature,  which  docs  not 
give  to  man  these  masticating  organs  before  the  time  they  are  wanted; 
hut  what  are  we  to  make  of  the  former  case?  Man  is  not  always  a  true 
interj>reter  of  the  works  of  God.  Shut  up,  as  they  are,  in  the  interior  of 
the  bony  mass  of  the  jaw,  never  to  be  developed  and  never  to  be  usedj 
does  not  that  look  to  a  careless  observer  something  like  a  work  of  super- 
erogation? Or,  in  the  case  of  such  anakes  as  the  anguis,  typhlopa,  and 
amphisba;na,  why  is  it  that  Nature  has  placed  under  the  skin  tlie  bony 
representatives  of  tlie  eitreniitiea :  the  mode  of  progression  of  those  an- 
imals is  by  the  use  ot"  the  ribs,  and  organs  such  as  lect  are  never  wanted. 

We  may  also  turn  to  the  other  department  of  physiology,  the  vegeta- 
ble world,  and  wliat  do  we  there  see?  Rudimentary  organs  and  excess 
of  development  are  every  where  presented.  An  attentive  examination 
of  any  tlower  proves  that  we  may  with  tnith  regard  it  as  a  tranatbrmed 
branch,  tlie  law  of  development  being  such  that  tliat  which  might  have 
passed  Ibrward  to  the  condition  of  a  branch  ha.s  turned  to  the  condition 
of  a  flower;  or,  in  still  minuter  particulars,  we  witness  the  same  prin- 
ciple: that  which  might  have  evolved  into  a  leaf  turns  indifterently,  as 
circumstances  may  direct,  into  a  sepal,  a  petal,  or  a  stamen. 

Bnt  i*  it  possible  that  there  is  all  this  confusion  and  want  of  precision 
in  the  works  of  Nature?  Not  so.  If  we  consider  rightly,  Appijjirimwor 
WQ  .shall  corae  to  the  conclusion  that  Nature  never  works  ni'tim'-ntarv 

,  11-  ■orKsna  thft  con- 

contingently,  nor  resorts  to  a  sudden  contrivance  to  meet  an  j^quenccrf 
exigency.     All  her  operations  arc  carried  forward  under  far-  ^''*- 
reaching  and  universal  laws.     These  rudimentary  and  perliaps  useless 
organs  come  into  existence  through  a  general  plan,  of  which  they  are 
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witnesses  to  us,  if  they  subserve  no  other  duty.  They  tell  tlie  same 
gteat  fact  wliicli  is  flo  loudly  proclaimed  by  all  the  phenomena  of  the  res- 
toration of  parts  and  renovation  of  tisaiiea,  that  the  grouping  of  orga- 
nized matter  into  detinite  and  special  forms  ia  not  a  wanton  or  chance  ef- 
fect, but  is  the  direct  and  inevitable  consequence  of  invariahie  phyaical 
laws. 

Expedients  are  for  the  vacillating  and  weak,  law  ig  for  the  strong.  It 
takes  from  the  merit  of  any  human  contrivance  if  the  engineer  has  to  be 
constantly  tampering  witli  it  to  keep  it  going;  we  admire  the  machihe 
that  continues  its  movements  without  variation  after  it  has  left  its 
maker's  hand.  I  think  we  can  have  no  nobler  conception  of  the  great 
Author  of  the  wonderful  forms  around  us  than  to  regard  them  all,  the 
vegetable  and  animal,  the  living  and  Uteless,  the  earth,  and  the  stars,  and 
the  numberless  worlds  that  arc  beyond  onr  vision,  as  the  offspring  of 
one  primitive  idea,  and  the  consequences  of  one  primordial  law. 


CHAPTER  IIL 

OF  THE  ORGANIC  CELL :   ITS  DEVELOPMENT,  REPRODUCTION,  AND  DIF- 
FERENTIATION OF  STRUCTURE  AND  Fl'NCTION. 

Simple  and  T^urleaftd  Celle. — The  Siwifiie  Cfll:  %tx  Parti  and  Fwariieta.- — Tht  NurJeated  Cell: 
iff  I'art*  nntt  Funcdoni. — -ArthUi/  of  (hr  ^^'arteua.^Ottrfr  Formt  (if  Vdh. —  t'iih  ftrisf  hif 
Stif-otiipnullau  ami  Ilt-produrJmn. — Rifirmlartkia  t/t/  SitMiHxion  und  Knda^nKtvaly. 

"Dct  Am'indi  Cell. — Formt  o/  Ceiiatar  Tinmie- — Farina  g^  Vfuailuir  Tissve. — Spiral  Vttsslii, 
Ihu'tSy  etr. 

lfifft;iti\(HUio'i  <>/  CMls. — Atyjt'i^'tii"!  of  n^f  FumHottn, — DifferrBtialhn  *>/  llit  Animal  CelL — 
Dejiendi  un  Pli^siail  Causes. — Iiijltutrid  of  Htat  and  Air. — F//ot:Ji  of  Z/iffereii/iation. 

TuE  organic  cell,  which  is  the  starting-point  of  every  organism,  veg- 
SimplcaDdmi-  stable  or  animal,  consists  of  a  vesicle  or  shelly  with  included 
uleateci  ccUb.  contents.  If  the  vesicle  he  of  uniform  thickness  all  over, 
the  cell  is  a  simple  one;  but  if  there  Ijhb  upon  some  portion  of  it  a  thick- 
ened granular  epot,  the  cell  is  said  to  be  nucleated. 

The  vesicle  of  the  simple  veoetablE  cell,  more  closely  examined, 
The  simple  '^  fouud  to  bc  coinposcd  of  different  larainee  or  sirata.  The 
ve^iftiilecell;  innermost,  designated  the  primordial  utricle,  consists  of  an 

it»  wall,  iJlrL-  .       i         i  i  j»    i  j-\        t 

de.and  cndoi-  azotized  substance,  a  member  oi  the  protem  group.  On  the 
chrome.  esterior  of  this  pellicle,  and,  as  it  were,  arising  from  its  sur- 

face, lies  the  cell  wall,  which  serves  to  give  protection  to  the  parts  with- 
in. The  cell  wall  ifi  not  a  mere  extension  by  thickening  of  the  primor- 
dial utricle,  as  is  proved  by  its  chemical  constitution  ;  for,  though  it  may 
vary  in  phyaical  condition  from  a  mere  glairy  mucus  to  a  firm  woody 
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iextuie,  it  imiformlj  consists  of  a  non-nitrogenized  body,  gummy,  aniy- 
laceoua,  or  ligneous.  Indeed,  tiiougli  the  vegetable  cell  ta  usually  said 
to  liave  two  concentric  investitures,  the  iiitrogeiiized  primordial  utricle 
and  the  non-nitrogenized  wall,  it  is  more  exact  to  describe  the  latter  ae 
consisting  of  several  pelllelea,  which  have  been  generated  in  succeasioi] 
from  the  outside  surface  of  the  utricle,  and  these  ditfer  from  one  another 
in  their  physical  qualities,  according  as  they  arc  nearer  to  the  surface  of 
the  utricle  or  neai'cr  to  the  generut  extevioij  recalling,  in  thia  reapect,  the 
analogous  condition  of  the  cuticle  under  circumstances  that  are  Bome- 
wliat  parallel. 

Within  the  primordial  utricle,  ihe  cell  contents  present  themselves  of 
a  diflereiit  nature  and  ditterent  form,  according  as  the  sj^ecies  of  the  cell 
may  be.  In  different  cases  they  arc  colored  of  various  tints,  and  are  of 
various  conaistcncy,  more  solid  or  more  liquid.  To  the  cell-contents  the 
convenient  designation  of  endochrome  is  given.  Tliia  interior  content  is 
not  tobeunderstoodas  having  a  honior^cnons  constitution,  since  some  times 
even  its  colored  portions  are  separated  out  and  arranged  in  dotu  or  spiral 
lines,  which  are  very  distinct  from  the  remaining  uncolored  material. 

The  active  portion  of  such  a  cell  consists  of  the  utricle  and  endochrome 
conjointly,  tlie  cell  wall  only  discharging  a  mccluinical  office.  In  ihc 
simple  cell,  all  parts  of  ihc  utricle  appear  to  bo  endowed  with  equal  pow- 
er for  carrying  on  the  functions  of  the  organism. 

But  in  those  cells  which  posses*^  a  uucleua,  the  energy  is  no  longer  dif- 
fused with  uniformity,  tlic  nucleus  concentrating  much  of   ,,    ,    .  ,    „ 

J  ^  o   _  NiirkatE'ilcell : 

the  power  in  itself,  and  serving  as  a  centre  of  activity.     Its  eciivtiy  of  ii« 
nitrogenizcd  constitution  indicalej^  that  it  is  in  relation  with  '"^'^'^■"-'■ 
the  primordial  utricle,  and  not  with  the  cell  wall;  a  conclusion  which  ia 
corroborated  by  its  physiological  activity,  as  also  by  the  fact  that  in  thoac 
nueleated  cella  which  cxiiibit  currents,  the  nucleus  appears  to  be  tin; 
starting-point  from  wiiicli  llicy  diverge  in  various  directions. 

There  are  subordinate  species  of  cells,  as  the  spiral  and  the  dotteJ.^ 
These  exhibit  points  of  re-enforcement  or  tliiekening,  such  SuitonJinaie 
as  the  appearance  of  a  thread  wound  spirally,  or  in  dots  here  '"'^'""^  uf  wUj. 
and  there  on  the  interior  of  the  wall.  There  would  seem  to  be  a  tend- 
ency during  the  development  of  a  cell  for  these  parts  to  assume  a  spiral 
arrangement.  Kvcn  tiic  endochrome  shows  this  peculiarity,  the  green 
material  being  often  arranged  in  a  spiral  course  on  the  interior  of  the  celL 

Thus  constituted,  each  cell  runs  through  a  definite  cycle  or  career,  hav- 
ing its  moment  of  birth,  its  period  of  maturity,  Its  time  of  death.  Duj- 
ing  its  mature  lite  it  discharges  whli  activity  the  special  function  to  which 
it  is  devoted,  but  in  so  doing  becomes  eventually  worn  oat  and  ohL 
The  period  of  activity  of  cells  of  different  species  is  very  difterent,  some 
passing  away  (quickly,  and  others  having  a  longer  duration. 
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The  commencement  of  cells  ia  either,  lat,  by  self-origination,  ot,  2(], 
Ori  i  f  ells  ^y  ^ps^Cfducf ion.  1st,  Cells  arise  in  an  obscure  manner  from 
iiy  Mlf-origici*'  iiomogeiieous  particles  floating  in  a  protoplasma,  which,  tak' 
"""'  ing  on  development^  liave  a  vesicle  thrown  ovei'  them,  and, 

being  of  a  apherical  shape,  present  the  aspect  of  a  cell  wall  and  cavitj. 
The  granular  content  hj  degrees  increases  as  the  jronng  cell  grows  in  all 
its  dimensions.     From  that  granular  content  new  cells  maj  arise. 

Though  this  process  ia  spoken  of  as  one  of  self-origination,  it  is  quite 
probable  that  the  spherical  and  homogeneous  particles  floating  in  the 
protoplasma,  and  which  were  tlie  points  of  origin  of  the  cells  that  hare 
arisen,  were  themselves  nothing  more  than  germg  which  had  been  pre- 
pared by  an  antecedent  generation  of  cells.  Thia  ia  the  opinion  com- 
raoTily  entertained  of  their  nature,  though  its  truth  has  never  yet  been 
demonstrated  by  actual  observation.  It  is  adopted  because  of  its  proba- 
bility, for  we  usually  observe  that  every  new  organism  is  the  descendant 
of  an  older  one  ;  yet  it  should  not  be  forgotten  that  there  must  have  been 
a  time  when  the  first  or^nic  cell  arose  from  inorganic  material,  and  it  is 
not  Tin  philosophical  to  suppose  that  what  must  have  occurred  once  may 
Occur  again. 

Orijfin  of  c(^u*  2d.  Cells  are  reproduced  from  antecedent  ones  of  the 

by  reproduction,  game  kind  by  Subdivision^  by  budding,  by  endogenous  gen- 
eration. 

yAe  reprodui'tion  of  cells  by  subdivision  is  strikingly  illustrated  hy 
Reproduction  thellffimatococcus  blnalis.  The  manner  of  the  process  seems 
by  BQldivuioTi,  ff,  ^fy^  aa  follows.     The  endochrome  of  the  original  spherical 

cell,  ff,  I^ig,  230,  begins  to  undergo  bi-par- 
tition  as  at  b,  and  as  the  dividing  portions 
recede  from  one  another  the  primordial  utri- 
cle bends  round  them.     Next  a  layer  of  per- 
manent cell  wall,  of  a  mucous  character  on 
its  exterior,  is  produced,  which  accompanies 
t!ie  inflection  of  the  primordial  utricle  as  at 
Jijj)  ^fi;    ^)       ''flfif  c,  and,  ai'ter  a  while,  the  bi-portition  is  com- 
^^y  ■JPp    ^'A^SP*     P^"^^'  ^^^  *^^^  separated  portions  constitute 
/^j^ft^W  distinct  individual  cells.     The  subdivision 

*'    ■IIP'  may  he  rejwated  as  at  d.     The  seat  of  the 

,afp™iucUoi,<|fn*m*u««*«.i.L«.iii.  primary  action  is  said  to  be  in  the  endo- 
chrome ;  but  of  this  there  may  be  reasonable  doubt,  since  generally  the 
primordial  utricle  is  the  place  of  energy  of  the  cell ;  and  where  nucleated 
cells  undergo  multiplication  by  this  process  of  fissure,  the  nucleus  di- 
vides along  with  the  endocliromc,  so  that  both  the  resulting  portions  pos- 
sess a  part  of  it.  But  if  the  utricle,  with  its  nucleus,  was  inert  during 
this  operation,  it  would  seem  that  the  vesicle  should  tear  any  where 
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ratlier  than  through  that  thickened  and  stronger  place.  The  phenomena 
:ire  equally  well  accounted  for  by  imputing  tiie  first  action  to  the  utricle 
itself^  which,  exerting  a  conatrictive  pressure  upon  the  endociirome  in  the 
direction  of  one  of  the  gteat  circles  of  the  cell,  divides  it  in  the  manner 
tliat  we  see. 

This  process  of  multiplication  is  exhibited  in  -Fiff.  231,  in  Canfervr 


glomerata,  which  consists  of  a  system  of  cells  arranged  in  a  filaraent.  At 
A  two  states  arc  shown,  complete  partition  at  I',  and  incomplete  al  a  ;  at 
li,  C,  Dt  the  Bncceasive  sfepa  of  partition,  a  being  the  primordial  utricle, 
h  the  endoehrome,  <■  cell  membrane,  d  mucous  investment.  At  E  tlio 
primordial  utriclea  arp  separated,  and  the  cell  membrane  intervenea.  At 
F  the  membrane  is  completed  so  aa  to  exhibit  lamina?. 

The  cells  wliich  liave  tlius  nrisen  by  snbdiTision  eoon  grow  to  the 
size  of  the  one  from  which  tiiey  were  derived,  and  are  ready  for  subdi- 
vision in  their  turn.  Indeed,  it  often  happena  that  traces  of  Incipient 
subdivision  roay  be  detected  long  before  the  cell  has  reached  its  mature 
dimenBiong. 

The  reproduction  of  cells  hy  budding  may  be  illustrated  by  the  veei- 
clea  of  the  yeast-plant ;  and  though,  in  those  cases  in  which  the  bnddlng 
cell  possesses  a  nucleus,  the  nucleus  is  not  necessarily  involved,  yet  the 
conclusion  indicated  in  the  prcci'ding  paragraph  is  greatly  strengthened, 
for  we  must  clearly  attribute  the  result  which  now  takes  place  to  an  in- 
creased nutrition  of  tlie  primordial  utricle  upon,  a  restricted  portion  of 
its  surface,  and  not  to  a  distention  arising  from  a  pressure  of  the  endo- 
chrome  within.  Ho  closely  does  this  resemble  the  preceding  mode  of  re- 
production, that  they  arc  commonly  said  to  be  really  of  the  same  kind, 
or,  rather,  to  oSer  no  other  distinction  than  this,  that  in  the  former  the 
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cell  divides  into  portions  which  are  sensibly  equal,  in  tlua  into  oniequa] 
parts. 

Cells  are  said  to  arise  from  endogenous  generation  when  ihey  make 
p.  ,  g    their  first  appearance  in  the  cavity  of  a  former  cell,  of  \vhidi 

generiduii  of  the  endochronie  exliibita  u  disposition  to  divide  into  manv 
small  portions^  at  first  doubtfaily,  then  more  distinctly^  and 
each  one  of  these  portions  obtaining  a  covering  investiture  or  primordifll 
utricle  for  itself.  The  process  continue-s  until  the  young  brood  of  cells 
has  re^iched  a  certain  degree  of  perfection,  when  they  escape  fi-om  their 
eontinenicntt  either  by  the  fissuriiig  or  deliquescence  of  the  old  cell  wall. 
The  young  cells  may  now  lead  htl  independent  life  and  grow  rapidly, 
111  this  manner  Koospores  arisct  which  are  young  cells  having  for  a  time 
a  power  of  locomotion^  from  ciliflr  which  have  been  developed  from  their 
walls,  or  for  other  reasons. 

TfiQ  reproduction  qfcdls  hy  endogrenoua  generation  la  commonly  at- 
tributed to  an  action  arising  in  the  endochrome  which  brings  on  its  sub- 
division into  portions-  From  the  fact  that  these  portions  are  eveiitually 
tbund  clothed  with  a  primordial  utricle,  we  might  be  led  to  suspect  that 
the  original  scat  of  the  action  is  in  this,  as  in  the  preceding  cases,  that 
jiortion  of  the  original  cell  which,  undergoing  projection  internally,  di- 
vides the  endochronie  and  incloses  the  portions  in  its  meahea.  Hue]* 
membranous  projections  may  he  difficult  of  detection  in  the  first  instance, 
because  of  their  extreme  tenuity ;  nor  is  the  fact  that  the  zoospores 
move  freely  in  the  cavity  of  the  mother  cell  just  before  their  escape  at 
all  in  contradiction  to  this. 

The  amsl^l  cell  presents  a  structural  arrangenicnt  differing  from 
Peculiflritj-  of  the  vegetable  ui  this,  that  it  does  not  possess  a  proper  cell 
tlieMimali.'ell.  ^allij  but  cousists  of  a  primordial  utricle  and  interior  con- 
tent alone.  Its  manner  of  reproduction  is  of  three  kinds:  Ist.  From 
germs ;  2d.  By  fissure ;  3d.  Endagenously.  M'iiere  animal  cells  orig- 
inate from  gemis»  these  seem  to  be  granules  of  a  substance  analogous  to 
fibrin,  which  are  tioating  in  t!ic  formative  liquid.  In  duplication  by  sub- 
division, the  import  of  the  nucleus  is  shown  by  the  fact  tliat  the  action 
begins  at  it.  It  may  be  said  of  animal  cells  that  the  nucleus  maintains 
a  more  conspicuous  relation  than  it  docs  in  the  case  of  vegetable  ones. 
Reproduction  in  the  endogenous  manner  is  carried  forward  in  the  case  of 
these  cells  in  the  manner  described  in  a  preceding  paragrajjh. 

OF   TilE   COSBTR0CTIOK  OT  CB1J.IIJ.AB   XSO   VASCTHJJi  TiaSrSS. 

liy  their  development  and  Juxtaposition  with  one  another,  cells  give 
„  „  ,     .         rise  to  continuous  fabrics  of  various  kinds,  or  cellular  tissue. 

Cellular  Liisui?. 

iLa  v*riouH  If  the  development  oi  new  celU  occurs  in  a  space  where  there 
fcnn-t.  jg  f^g^joni  l■^.^^^  pressure,  the  cells  maintain  their  original 
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Hpherical  form,  as  h^h  in  the  pliotograpli,  I^iff.  232.     Bat  should  tlie 
j^^,  ^.,  development  occur  in  a  contined  space, 

or  under  circuoi stances  of  pressute^  the 
intercellular  spaces  whicli  necefsarily  ex- 
ist in  the  former  case  hy  reason  of  tlie 
Bpherical  shape,  are  noivenc  roachedupon, 
and  the  cells  assume  various  angular 
forms,  audi  as  parallelopipedons,  rhom- 
bic dodecahedrons,  &c.  Of  the  formei- 
we  have  an  example  in  the  photograph, 
J^i^.  233,  which  represents  a  section  of 
■-w     -     -  -         J .  murifonn  cellular  tissue.     In  other  cases, 

'-'  with  a  \iew  oi  giving  resistance  to  prcss- 

«impi>rHi„up-.  _    ,..i50df.n..te«L  ^j^^  ^^G  jntcrlor  of  cach  of  the  cells  ia 

fortified  by  a  fibre,  and  thus  arises  the  tissue  of  which  we  liave  an  exuni- 

Fiy.  I'M. 
Ff-r.  23a 
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pie  in  the  photograph,  -Fi^.  234.  Two  or  more  fibrea  may,  in  fins  man- 
ner, be  employed,  and  when  such  is  the  case,  it  ia  observed  that  tbej  do 
not  cross  one  another,  tlie  one  ■winding  from  right  to  left,  the  other  from 
left  to  right,  but  they  are  laid  paiallcl  to  each  other,  and  form  &  com- 
pound strand.  In  other  cases  the  constifucnt  cells  of  the  tissue  assume 
much  more  complicated  forms*  as,  for  instanccT,  in  the  stellate  variety. 
These  more  complicated  forms  prove  that  it  is  not  altogether  through 
the  influence  of  a  force  of  compression  that  cells  assume  modified  siiapes. 
but  that  on  many  occaaiong  the  disposition  of  their  primordial  utricle  to 
brancli  in  various  directions,  of  whicli  mention  has  been  made  in  a  prt> 
ceding  paragraph,  is  the  true  cause  of  the  variations  in  question. 

Tliis  disposition  to  grow  sjwntancoualy  in  one  direction  rather  than  in 
another  is  the  cause  of  the  production  of  tlte  different  kinds  of  vasctdar 
ttsaue.     A  cell  undergoing  extreme  elongntion  in  one  directioUj  eilher  by 
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Vaaculartiwac  '^^^'^^  of  thJs  quality  of  its  primordial  utricle,  or  through  mi- 
and  iu  modiii-  cqiiiil  nutrition,  or  other  causey  gives  origin  to  a.  tube.  And 
if,  of  several  cellg  tlius  elongated^  and  placed  end  to  end  on 
each  other,  the  terminal  portions  should  he  ohliterated  cither  by  rup- 
ture or  absorption,  a  yeaacl  permeable  throughout  is  the  result.  In  this 
manner  vascular  tissue  arises.  These  veasela  still  exhiLit  the  structural 
{jcculiarity  of  the  cells  from  which  they  have  originated  in  this,  lliat  they 
may  be  fortified  in  their  interior  with  fibres  wound  in  a  spiral^  and  so 
constituting  a  spiral  vessel ;  or  wound  in  rings,  and  forming  annular 
ducts.  In  like  manner,  through  similar  modifications,  the  varieties  known 
as  reticulated  and  dotted  ducts  arise.  In  these  fibro-vascular  tissues  it 
frequently  happens  that  the  fortifying  thread  is  double  or  even  quadru- 
ple. Of  spiral  vessels  derived  from  a  cactus  we  liave  an  example  in  the 
photograph,  Fig.  235,  and  in  those  lirom  the  banana  in  that  of  Fig.  236. 

r/jf.  sat  '' 
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Sidfttl  TeaKla  of  banana^  magniSed  DO  dIticacUJ*. 


The  Spiral  vessels  of  plants  contain  air.  Other  tubes  are  for  the 
Spiral  vessels,  convcyancs  of  liquid ;  the  laticiferous  vessels,  for  example, 
'vesMisf  of^'ci]-  which  are  branching  tubes  ;^y,,  ^^ 

nifers.  for  transmitting  the  latex 

of  plants.  Again,  in  other  cases,  the 
interior  of  tlio  vessel  is  more  or  leas 
completely  filled  up  by  a  gradual  de- 
posit of  solid  material,  it  being  in 
this  manner  that  proper  woody  fibre 
is  formed  from  long,  spindle-shaped 
cells.  Vascular  tissue  in  coniferoutv 
plants  presenta  a  peculiar  dotted  as- 
pect from  disc-like  forms,  exhibiting 
a  pair  of  concentric  circles,  which  are 
Bet  at  Tpgular  intervals  upon  it,  as 
shown  in  the  photograph,  F'tf/.  237, 
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which  ia  dotted  woody  fibre  from  pine.  The  circular  discs  or  glandg  run 
in  single  rows  except  m  one  place,  where  a  double  row  is  seen*  Among 
true  living  pines  more  than  two  rows  are  not  met  with.  In  the  Arauca- 
ria  the  tows  are  sometimes  triple  or  even  quadruple. 

Animal  vascular  tisane  arises  in  the  same  manner  as  vegetaWe,  by  the 
conjunction  of  elongated  cells  and  the  obliteration  of  their  y  ,.  . 
terminations.  The  physiological  purposes  these  vessels  avh-  white  flhrotu 
serve  are,  as  in  the  otiier  instance,  tlie  conveyance  of  gaaea  or  '^**"^" 
liquids.  But  fibres  may  form  in  animal  fabrics  without  the  pi-evious  in- 
tennediura  of  cells,  either  directly  from  fibrin,  the  parts  of  which  possess 
the  quality  of  agglutinating  into  threads^  or  from  the  coaleacencc  under 
like  circumstances  of  substances  allied  to  gelatine,  which  yield  the  varie- 
ties of  fibrous  tissue  known  respectively  as  the  yellow  and  the  white, 
the  former  being  composed  of  branching  filaments,  as  seen  in  ^ig.  238. 
It  is  imacted  upon  by  warm  acetic  acid,  and,  from  its  extraordinary  elas- 
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ticity,  ia  used  wherever  that  quality  is  required.  The  latter,  which,  ia 
represented  mj'^iff.  239,  shows  strands  of  a  wavy  appearance:  it  ia  inelas- 
tic, softens  "under  the  action  of  acetic  acid, 
being  thereby  distinguished  from  the  pre- 
ceding,  and  is  employed  on  account  of 
its  tenacity  wherever  resistance  to  exten^ 
sion  ia  required,  aa,  for  example,  in  the 
ligaments  of  the  joints.  The  solid  ani- 
mal fibres  are  therefore  employed  where 
physical  qualities  are  nccessarj',  the  hol- 
low tubes  for  organic  processes.  By 
some  physiologiata  it  ia  believed  that 
both  yellow  and  white  fibrous  tissue  arise 
from  cells. 

Areolar  or  connective  tiasue,i^Ty.  240, 
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ia  composed  of  the  two  preceding  elements,  tte  yellow  and  white  fibrous* 
interwoven  with  each  other  so  as  to  constitute  a.  poroua  structure,  with  a 
multitude  of  intercommunicating  spaces.  It  is  to  be  understood  that 
these  hitersticea  are  wholly  distinct  from  cells;  hence  the  inapplicability 
of  the  term  cellular,  sometimes  employed  for  this  tissue.  Areolar  tissue 
is  employed  tor  uniting  the  varioua  animal  parts.  Its  interspaces  are 
fiUed  with  a  duid,  which,  when  in  esceaa,  is  spoken  of  as  dropsical  cfFu- 
aion.  Air,  artificially  or  accidentally  introduced  at  any  poijjt  into  it,  ma^- 
pass  to  every  partt  as  is  illustrated  in  cases  of  emphysema*  The  Bpeci- 
raen  from  which  the  figure  is  taken  was  in  this  manner  inflated. 

By  the  differentiation  of"  cells  is  meant  the  assumption  of  a  variation 
DifffiTen Nation  in  their  structure  from  which  follows,  as  a  consequence,  the 
of  ctiis.  capacity  of  discharging  new  functions.     When  the  red  snow- 

alga  miUtiplies^  as  previously  described,  each  of  the  young  cells  resem- 
bles that  from  which  it  was  derived  in  structure,  and  discharges  a  simi- 
lar office.  In  such  a  case  there  is  development,  but  not  differentia tion. 
When,  on  the  contrary,  a  lichen  grows  on  a  rock,  though  the  original 
tendency  in  development  may  have  been  for  the  production  of  cells  from 
the  first  germ  absolutely  similar  in  all  directions,  yet  the  circumstances 
of  growth  are  such  that  very  soon  the  physical  conditions  under  which 
the  cells  of  different  parts  of  the  growing  mass  arc  generated  become  dif- 
ferent. Those  which  are  next  to  the  rock  arc  screened  by  ihc  superin- 
cumbent ones  from  the  sunlight  and  tlic  air  ;  they  are  therefore  develop- 
ed in  a  comp^*ative  obscurity,  and  in  the  presence  of  moisture  holding  in 
AcqnisiLion  of  solution  inorganic  salts.  Under  such  circumstances,  it  is  to 
new  runctions.  \^  expcctcd  that  3  modification  will  ensue  in  their  conatruo 
tion,  and  that  they  will  be  different  from  those  whicli  arc  developing  on 
the  exterior  in  contact  with  the  dbry  air ;  atid,  since  a  change  of  structure 
invariably  implies  a  change  of  function,  we  might  expect,  as  in  reality  is 
the  caaet  that  the  outer  cells  are  for  the  obtaining  of  carbon  from  the  air, 
being  acted  upon  by  the  sunlight,  and  the  under  cells  for  procuring  moist- 
ure and  such  saline  substances  as  may  be  wanted  from  the  rock  surface 
below.  In  such  a  case  as  this  there  is  a  differentiation  both  of  etnicture 
and  of  function. 

Structural  differentiation  is  to  be  received  as  the  cause  of  functional 
liifftirentiatbn  difiercntiatiou,  which  is  its  consequence.  The  former,  in 
in  a  nj^tiittP  M-  every  instance,  arises  from  the  changed  circumstances  under 
I*  lie  dewrm-  which  cells  are  being  generated,  and  if  this  change  of  circura- 
iiicii  \iy  law,  gfances  followa  a  regular  order  or  gequence,  the  diflerentin- 
tion  will  assume  tlie  appearance  of  being  guided  by  a  fixed  law.  Many 
physiologists,  who  have  not  been  disposed  to  accord  to  physical  agents  a 
dnc  influence  in  this  respect,  have  therefore  imputed  to  the  developing 
cell  a  power  or  property  of  Bpontaneously  pursuing  a  determinate  career* 
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It  is  clear  that  the  facts  are  capable  of  interpretation  either  upon  the  doc- 
trine that  external  conditions  guide  or  compel  the  cell  in  its  development- 
al career,  or  that  it,  hj  reason  of  an  innate  power,  spontaneooslj'  porsnes 
a  determinate  course  in  spite  of  them ;  determinate,  because  that  power 
is  acting  under  a  law.  The  mixed  doctrine,  which  imputes  the  career  of 
development  in  part  to  the  innate  power  of  the  cell,  and  in  part  to  the  in- 
fluence of  external  conditions,  it  is  needless  for  us  here  to  consider. 

No  doubt  can  be  entertained  of  the  fact  that  a  cell  or  congeries  of  cells 
will  di£ferentiate  when  submitted  to  new  physical  conditions  while  in  the 
act  of  development.  Thus  certain  lichens  pass  into  forms  analogous  to 
algae  if  the  normal  conditions  of  their  production  be  reversed — if,  instead 
of  developing  in  places  that  are  dry  and  brightly  illuminated,  they  are 
supplied  with  moisture,  and  made  to  grow  in  obscurity ;  and,  in  like  man- 
ner, some  of  the  fungi  will  simulate  algse  if  they  are  compelled  to  vege- 
tate in  water. 

The  separation  of  the  organ  for  the  reception  of  water  and  that  for  the 
reception  of  carbon,  which  is  first  shadowed  forth  in  the  under  and  outer 
surface  of  the  lichens,  is  manifested  in  perfection  by  highly-developed 
plants,  in  which  the  root  discharges  the  former,  and  the  leaves  the  latter 
duty,  and  these  are  separated  widely  apart  from  each  other  by  the  as- 
cending axis  or  stem. 

The  remarks  here  made  respecting  plants  might  be  repeated  as  re- 
gards animals,  which,  during  their  development,  exhibit  the  j^.^^     ^.  ^ 
principle  of  differentiation  even  in  a  more  striking  way.  of  the  animal 
Thus,  in  the  protozoa,  as  in  the  protophyta,  cells  undergo  ^  ' 
duplication,  and,  by  development  in  new  positions,  or  under  changed  cir- 
cumstances, exhibit  differentiation.      The  trivial  circumstances  under 
which  new  fiinctions  are  assumed  are  well  shown  in  Trembley's  experi- 
ments with  the  hydra.     This  polype,  which  is  nothing  more  Experimenta 
than  a  gastric  sac  furnished  with  prehensile  tentacles,  re-  ^Hhtbohydn. 
spires  on  its  outer  surface  and  digests  on  its  inner ;  but  so  closely  arc 
these  functions  blended  together  that,  if  the  animal  be  turned  inside  out. 
the  surface  that  did  respire  will  now  digest,  and  that  which  did  digest 
will  now  respire.     Indeed,  we  may  in  an  ideal  manner  con-  j^j^^j  differen- 
ceive  of  the  production  of  the  more  elementary  animal  forms  tiation  of  ani- 
as  arising  from  a  simple  sac  or  bag,  which,  iiirnishing  a  start- 
ing-point, exhibits  its  first  acquirement  of  localization  of  ftinction  by  the 
doubling  of  one  half  into  the  other,  thereby  giving  rise  to  a  cup  or  pocket 
shaped  form,  so  that  respiration  and  digestion,  which  were  confusedly  and 
conjointly  carried  forward  upon  the  same  surface,  are  now  parted  from 
each  other,  the  outside  of  the  cup  being  devoted  to  the  one,  and  the  in- 
side to  the  other.     Increased  endowments  are  obtained  by  crimping  or 
dividing  the  edge  of  the  cup,  prehensile  organs  of  leas  or  greater  Icngtli 
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and  power  thereby  arising;  and  this,  in  reality,  is  the  stnicture  of  the 
hydra  just  alluded  to.  Axiother  advance  ia  mada  by  the  preparation  of 
new  and  compUcated  atnicturesj  fashioned  out  in  the  substance  between 
the  inner  and  the  outer  wall,  and  ia  this  maimer  arise  the  various  mech- 
anisms for  respiration  and  reprodaction.  Such  a  state  of  things  13  pre- 
sented by  the  Actinia. 

It  "will  be  found,  when  we  describe  the  development  of  the  higher  ani- 
IndivEduai  and  ^als,  that  fl  parallelism  ig  observed  between  the  career  of 
race  dei,-tiop^  cach  individual  and  that  of  the  series  to  which  it  belongs. 
nuJjs  by  diflei-  The  evidence  fimiiahedby  natural  history  and  paleontology 
eatiation.  proves  that,  ia  the  development  of  animal  species,  tliere  hag 
been  an  orderly  progress,  not  bo  much  from  those  of  a  lower  to  those  of 
a  higher  form,  as  from  the  general  to  the  special ;  a  gradual  parting  out 
of  structures  and  functions  that  were  Once  commingled  and  coalesced,  an 
elaboration  which  may  be  attributed  either  to  a  melioration  of  the  cir- 
cumstaDcea  under  which  species  were  successively  forming,  or  to  the 
innate  power  possessed  by  the  organic  Btnicture  itself.  Even  at  the  pres- 
ent time  onr  knowledge  of  the  order  of  geological  cliange  is  sufficiently 
exact  to  enable  us  to  institute  an  inquiry  into  the  probability  of  the  cor- 
DiffBrentiaiion  rectness  of  each  of  these  hypotheses*  upon  the  principle  that, 
■lependson  eJuce  thcrc  is  that  parallelism  between  the  career  of  individ- 
cui'iiBtancM.  ual  development  and  race  development,  there  should  also  be 
an  analogy  in  the  physical  circumstances  under  which  they  have  taken 
place.  Among  conditions  in  animal  development,  two  prominent  ones 
may  be  mentioned  ;  they  arc  the  degree  of  temperature  at  which  the  pro- 
cess is  carried  forward,  and  the  quality  or  nature  of  the  medium  supplied 
for  respiration.  No  doubt  can  now  exist  that,  as  regards  the  former, 
there  has  been  a  gradual  diminution  from  the  early  times,  and  that,  as 
respects  the  latter,  the  quantity  of  oxygen  furnished  in  the  medium  of 
respiration  hag  been  increased.  It  has  long  been  observed,  in  a  general 
way,  that  there  is  a  correspondence  between  the  activity  of  respiration 
and  the  degree  of  animal  endowment,  botli  as  regards  the  individual  and 
rnflucnceof  ^^^^  '^*^^'  '^^'^  provision  made  for  the  more  perfect  conduc- 
nm  BorinJ  tion  of  the  process  from  the  moment  that  the  embryo  exhibits 
™"  '"™'  any  art erializa tion  of  its  blood,  is  always  attended  with,  ii'  it 
13  not  the  cause  of,  increasing  animal  power.  The  supply  of  oxygen  at 
the  firet  period  is  very  impeTtect,but  instrumental  means  arc  introduced 
in  succession  to  increase  the  amount.  When  a  mere  membrane  has  be- 
come insufficient  to  meet  the  requirements,  branchiae  are  resorted  to,  and 
tbeee,  in  their  turn,  are  replaced  by  lungs.  In  a  double  way,  therefore, 
an  increased  supply  is  secured,  by  alterations  in  the  meclmmsni  obtain- 
ing it,  which  gradually  becomes  more  and  more  adapted  to  the  end  in 
vUvr,  or  by  Taiiations  in  the  chemical  constitution  of  the  medium  which 
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famishes  it.  Thug,  in  the  development  of  a  mammal,  the  first  and  lim- 
ited supply  of  oxygen  is  from  the  portion  contained  in  the  liquids  of  the 
ovum ;  'a  far  more  copious  one,  at  a  later  period,  is  derived  from  the  pla- 
cental mechanism ;  but  these  subordinate  states  eventually  give  place  to 
the  direct  respiration  of  the  open  atmospheric  air.  As  this  gradual  march 
in  the  evolbtion  of  the  respiratory  function  is  going  forward,  it  is  attend- 
ed by  a  corresponding  development  of  all  the  animal  capabilities. 

So,  too,  on  the  great  scale  with  genera  and  species.  In  the  impure  at- 
mosphere of  the  earliest  geological  times,  it  was  not  possible  that  energet- 
ic respiration  could  be  carried  on  either  by  aquatic  or  by  aerial  animals. 
Both  may  be  included  in  the  remark,  for  it  is  demonstrable  that,  on  ordi- 
nary physical  principles,  there  must  ever  be  a  correspondence  between  the 
chemical  constitution  of  the  atmospheric  air  and  the  gas  of  respiration 
dissolved  in  the  sea,  or  other  natural  waters.  Abundant  geological  evi- 
dence is  before  us  to  the  effect  that  the  entire  respiratory  medium,  both 
atmospheric  and  aquatic,  has  passed  through  a  gradual  amelioration,  the 
percentage  amount  of  its  irrespirable  elements  declining,  and  that  of  its 
oxygen  correspondingly  increasing.  The  removal  of  those  prodigious 
masses  of  carbon  deposited  as  coal  satisfactorily  establishes  this  point ; 
and,  therefore,  as  far  as  that  medium  is  concerned,  there  is  a  general  re- 
semblance between  the  conditions  under  which  the  entire  animal  series 
and  the  single  individual  have  been  placed. 

We  might  include  in  these  remarks  the  vegetable  as  well  as  the  ani- 
mal series ;  for,  as  respects  flowering  plants,  it  is  the  special  function 
of  their  flor^  or  reproductive  apparatus  to  discharge  at  a  particular  epoch 
the  functions  of  an  animal  in  taking  oxygen  from  the  air,  and  replacing 
it  by  carbonic  acid.  There  would,  tlierefore,  be  no  cause  for  surprise  if, 
in  that  ancient  carbonated  atmosphere,  cryptogamic  plants  alone  could 
maintain  themselves,  and  tliat  the  flowering  tribes  could  only  appear  after 
a  due  change  in  the  aerial  constitution,  which  also  gave  to  hot-blooded 
animals  the  opportunity  of  coming  forth.  That  change,  as  we  have  said, 
consisted  essentially  in  the  appearance  of  a  great  excess  of  oxygen  gas. 
Such  a  superficial  examination  of  the  question  shows  that  there  is  a  par- 
allelism between  the  physical  conditions  under  which  the  animal  series, 
in  the  lapse  of  countless  centuries,  has  been  placed,  and  those  to  which, 
in  the  shorter  period  of  its  history,  the  developing  individual  is  submit- 
ted, at  least  as  respects  the  respiratory  function.  But  it  is  to  be  re- 
membered that  respiration  is  the  prime  function  in  the  animal  economy. 

As  regards  the  influence  of  heat,  it  has  been  remarked  in  the  preceding 
chapter  that,  at  the  period  of  the  first  appearance  of  otganic  influence  of 
forms,  there  was  not  only  a  high,  but  likewise  a  uniform  tem-  *>«**■ 
perature  all  over  the  globe.     The  evidence  establishing  this  is  already 
piven ;  but  if  thus,  in  what  miglit  be  tci-nied  the  infancy  of  the  organic 
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series,  such  a  perfect  uniformity  in  the  condition  of  temperfttqre  obtam- 
etl>  the  eame  ig  often  observed  in  the  first  perioda  of  individual  develop 
ment.  The  circumstances  under  wliicL  the  ovum  commencea  its  career, 
even  in  the  highest  tribes,  iusurc  for  it  a  perfect  rehef  from  every  varia- 
tion <iif  heat.  Included  in  the  body  of  the  female,  it  is  cut  off  Irora  all 
external  causes  of  disturbance,  and  kept  at  the  temperature  of  her  body, 
whatever  that  temperature  may  be.  In  tiiose  cases,  ag  in  birds,  in  which 
the  embryo  is  developed  under  circumatances  of  necessary  exposure,  a 
strong  instinct  ia  called  into  operation^  and,  by  the  incubation  of  the  pa- 
rent, the  ueceeaary  uniformity  ia  secured.  Again,  in  other  instances,  as 
in  the  ova  of  insects,  which,  by  reason  of  their  minuteness  and  their  fre- 
quently exposed  position,  although  they  may  run  through  their  earlier 
changes  with  relatively  great  rapidity,  some  accomplishing  them  in  the 
almost  uniform  warmth  of  a  sunimer's  day,  development  never  doc9  nor 
can  occur  until  the  required  condition^  even  if  it  be  temj,K>rary,  as  to  uni- 
fonnity  of  temperature,  ia  reached. 

These  considerations,  though  not  affording  an  absolute  proof  that  the 
career  of  development  is  guided  by  the  influence  of  external  physical 
conditions,  are  auificiently  significant  to  cast  an  air  of  probability  over 
that  doctrine  j  and  even  if  wo  adopt  the  view  tliat  the  developing  germ 
possesses  a  plastic  power,  which  spontaneously  compels  it  to  run  forward 
from  stage  to  stage  in  a  predestined  career — if  we  recall  w!iat  has  already 
been  said  respecting  that  plastic  power,  that  perhaps  it  ia  itaell"  nothing 
more  than  a  manifestation  of  the  remains  of  antecedent  physical  impres- 
eions,  we  are  really  brought  back  to  the  same  starting-poin^  and,  under 
any  hypothcats,  we  encounter,  sooner  or  later,  ag  a  necessary  postulate, 
the  grand  doctrine  that,  directly  or  indirectly,  development  ia  a  function 
of  external  physical  condition. 

It  is  not  to  be  supposed  that  differentiation  takes  place  with  equal 
Kpocha  erf  dif-  ^^^  ^^  'i"^  periods  of  the  history  of  organic  forms,  whether 
frivtitiaUtiii.  T^Q  consider  them  in  the  great  scale,  as  constituting  the  ani- 
mal series,  or  on  the  small,  in  the  individual.  There  are  undoubtedly 
rpochs  in  each  of  their  histories  at  which  the  exertion  of  an  external  in* 
rtuence  will  produce  an  effect  infinitely  greater  than  tlint  which  would 
occur  at  any  other  moment*  If  we  may  be  permitted  to  use  such  a  me-- 
t-hanical  illustration,  the  career  of  an  organism  recalls  the  iiight  of  a 
Jieavy  projectile,  as  a  shell,  thrown  upward,  which,  at  the  first  moments 
of  its  ascent  and  the  last  of  its  descent,  pursues  its  way  irresistibly,  but 
when  it  ia  at  the  top  of  its  flight,  and  the  momentum  which  had  been  im- 
parted to  it  is  just  ceasing,  the  slightest  breath  of  air,  or  t]ie  exertion  of 
any  other  insignificant  force,  will  divert  it  into  a  path  dlfl'erent  from  that 
in  which  it  would  have  gone  ;  and  so,  in  the  career  of  an  organism,  there 
am  moments  when  forces,  which,  at  another  time,  would  have  been  tmfelt. 
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can  bring  on  differentiation,  and,  through  it,  call  into  existence  new  ftmc- 
tiona,  and  thereby  forever  determine  a  new  course,  through  which  it  must 
pass.  It  is  because  a  due  weight  has  not  been  given  to  this  considera- 
tion that  many  physiologists  have  depreciated  the  influence  of  external 
circumstances,  or  even  denied  it  altogether,  for  they  have  assumed  that, 
since  we  can  not  produce  a  more  marked  change  than  we  do  in  the  way 
of  accomplishing  a  variation  in  species  by  artificially  altering  the  condi- 
tions under  which  they  exist,  such  conditions  can  have  had  but  little 
power  in  bringing  them  to  their  present  state.  4 

Upon  the  whole,  there  can  be  no  doubt  that  differentiation  will  occur 
in  a  more  marked  manner  according  as  the  exciting  imprea-  Organic  dun- 
sion  is  made  at  an  earlier  period  of  the  organic  career.  Con-  i^"i^^"fi„t 
versely,  the  more  advanced  the  organism,  the  less  the  prob-  perfoiU  of  life, 
ability  of  differentiation.  For  this  reason  it  is  that  striking  changes  of 
this  kind  are  rarely  witnessed  in  individual  life ;  they  occur  chiefly  in 
the  first  embryonic  states,  and  therefore,  for  the  most  part,  require  for 
their  full  manifestation  generation  after  generation.  Great  organic  variar 
tions  are  not,  then,  to  be  expected  in  the  individual,  though  they  may  be 
distinctly  manifested  in  the  course  of  time  by  the  race  to  which  it  be- 
longs. 


CHAPTER  rV. 

OF  REPRODUCTION  AND  DEVELOPMENT. 

Rtlation  of  Organic  Beinga :  they  eome  from  a  similar  CeB  and  develop  to  different  Points.— 

Thar  lAcimon  ht)  CUisnijication  isjictitioug. — Development  and  IMfferentiiilion. — Homogeneain 

and  lleterogenesia. — Thei/  dejmid  on  physical  Conditions. —  The  reproductive  State  closes  £k- 

velapment. 
iJcvelopment  is  from  the  General  to  the  Special — Law  of  Von  Bar. — Invariable  Sequence  iu 

Differentiat  ion . 
Or  IIeprodcctios  :  lat.  Bg  Ceneration. — Conjugation  and  Filatrtents. —  T^e  Sperm-cell:   it> 

Production. — Spermatosoa. —  The  Germ-cell:  its  Production. 
Ooam  in  the  Ovary. — Its  Structure. — Corpus  Tjutemn. 

Ovum  in  the  Oviduct. — MuBterry  Mass. — Germinal  Membrane. —  The  Chorion. 
Owm  in  the  Uterus. — Membrana  Dectdua. — Placenta. — Development  0/ the  Embryo. — Type* 

of  Nutrition. — (^  Conception. —  Of  Gestation, — 0/ I'arturition.- — Influence  of  both  Parents. 
'2d.  By  Gemmation. — BiuMing  of  Plants  and  Animals. — (^  Grafting. — Limit  of  Gemmation. — 

Influence  of  Temperature  on  Gemmation. 
Alternations  of  Generation. — Its  Explanation. 

In  the  popular  view  of  the  organic  world,  each  individual  being  is  re- 
garded as  maintaining  an  existence  independent  and  irre-  Popular  view 
apective  of  all  others,  or,  at  most,  only  connected  with  those  pendenMof  or- 
of  its  own  race  or  kind.     Without  any  apparent  disturb-  eanic  beings. 
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ance  of  the  general  Bysteni,  this  or  that  species  or  genua  might  never 
have  existed,  since  it  stands  in  no  relation  as  being  the  product  of  others, 
nor  fis  havnng  been  concerned  in  giving  origin  to  others. 

But  these  superticial  conceptions  arc  now  to  he  replaced  hj  others  of 
a  far  more  general  and  phiiosophical  order,  which  present  to  us 
organic  creation  under  an  asjiect  of  sublime  grandeur,  each  class 
of  beings  standing  in  an  intercomniunication  or  connection  with  others — 
&  part  of  a  plan^  the  manifestations  of  which  ore  not  limited  to  the  tbrmB 
now  existing,  but  also  include  those  presented  by  the  ancient  geological 
times.  These  views  cast  a  flood  of  light  not  only  upon  the  relations  of 
the  various  races  of  life  to  one  another,  but  also  of  the  human  family  to 
theni,  illustrating  the  course  through  which  man  has  hitherto  passed,  and 
indicating  that  through  which,  in  future  ages^  he  is  to  go* 

Starting  from  a  aolitaiy  cell,  development  takes  place,  and,  according 
All  oruimic  bo-  S.3  cstTaneous  forces  may  be  brought  into  action,  variable  in 
(Ef  Mma^^em  *^*^^  naturc,  and  differing  in  their  intensity,  the  resulting  or- 
orcell.  ganisma  will  differ.     If  such  language  may  he  used,  the  aim 

of  Nature  is  to  reach  a  certain  ideal  model  or  archetype.  As  the  pas- 
sage toward  this  ideal  model  is  more  or  less  perfectly  accomplished,  form 
after  form,  in  varied  succession,  arises.  The  original  substratum  or  ma- 
terial is  in  every  instance  alike ;  for  it  matters  not  what  may  be  the  clasa 
of  animals  or  of  plants,  the  primordial  germ,  as  far  as  investigation  has 
gone,  is  in  every  instance  the  same.  The  microscope  shows  no  differ- 
ence, but,  on  the  contrary,  demonstrates  the  identity  of  the  first  cell, 
which,  if  it  passes  but  a  little  way  on  its  forward  course,  ends  in  pre- 
senting the  obscure  cxyptogamic  plant,  or,  if  it  runs  forward  toward 
reaching  the  archetype,  ends  in  the  production  of  man.  The  diversity 
of  form  that  ia  eventually  presented  depends  then,  not  upon  the  consti- 
tution or  aspect  of  the  primitive  cell,  but  upon  the  influence  of  the  many 
surrounding  agencies  to  which  it  ia  exposed.  In  one  mstance,  through 
The  primiiiTe  the  iutenvorkiug  of  these  agencies — perhaps  by  cessation  of 
ward'to*d'i^r-  '"*®*  °^  [wrhaps  by  its  increased  intensity- — ^development 
cDt  poinia.  comes  up  rapidly  to  a  certain  point,  and  there  stops.  In 
another  case,  through  change  in  the  conditions,  it  rung  to  a  farther  de- 
gree, and  there  stops.  Organic  beings  are,  therefore,  the  materialized 
embodiment  of  what  must  take  place  through  the  action  of  given  forces, 
of  a  given,  intensity,  and  under  given  conditions,  on  an  evolving  cell ; 
The  ^^Jl»sfil^^l-  and,  though  it  may  suit  the  purposes  of  description  to  classify 
En^^  ue^Cfr  them  into  orders,  genera,  species,  or  other  such  snbdisisione, 
liUons.  it  must  never  be  forgotten  that  these  are  artificial  fictions, 

and  have  no  real  foundation  in  nature. 

Not  only  ia  the  primordial  cell  in  all  instances  the  same,  but  the  first 
■stages  of  its  career  are  in  all  instances  identical,  and  this  whether  we 
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consider  it  in  the  lowest  or  the  highest  cases,  belonging  either  to  the  veg- 
etable or  the  animal  kingdom.  It  is  a  process  of  repetition  or  reproduc- 
tion, cell  arising  from  cell.  And  here  at  once  we  may  correct  the  lan- 
guage so  often  used — indeed,  which  we  have  ourselves  just  used  in  this 
respect,  for  such  terms  as  high  and  low  are  only  to  bo  employed  in  a  very 
restricted  sense.  The  evolving  cell  gives  rise  to  other  cells,  but  for  a  pe- 
riod of  time  no  indication  is  presented  as  to  which  of  the  two  kingdoms 
it  is  to  belong,  animal  or  plant.  By  degrees,  as  the  develop-  Development 
ment  goes  on,  that  point  is  determined,  and  so,  one  after  an-  ^  attended  by 
other,  the  unfolding  mass  gradually  reveals  the  class,  order,  evoWEngofpe- 
&nuly,  genus,  species,  and,  finally,  its  sex  and  individual  p&-  c^ili^nti"- 
culiarities.  In  all  this  there  is  an  evolving  of  the  special  out  of  the  gen- 
eral ;  one  after  another,  peculiarities,  which  are  more  and  more  minute, 
arise ;  and  thus  we  are  not  to  regard  the  progress  of  development  as  tak- 
ing place  from  tlie  lower  to  the  higher,  forms  that  are  more  and  more  com- 
plex arising  in  succession,  but  we  are  to  regard  it  as  the  gradual  unfold- 
ing of  the  special  from  the  general. 

This  career  of  development  applies  equally  to  the  case  of  any  individ- 
ual animal,  or  any  race  of  animals.  Thus  man  himself,  in  Analc^ofde- 
snccession,  passes  through  a  great  variety  of  forms,  from  the  J'he'uidrriduai 
condition  of  a  simple  cell;  these  forms  merging  by  degrees  andintheraca. 
into  one  another,  the  form  of  the  serpent,  of  the  fish,  of  the  bird,  and  this 
not  only  as  regards  the  entire  system  in  the  aggregate,  but  also  as  re- 
gards each  one  of  its  constituent  mechanisms — the  nervous  system,  the 
circulatory,  the  digestive.  Now,  on  the  passage  onward,  these  forms  are 
to  bo  regarded,  as  has  been  well  expressed,  each  one  as  the  scafiblding 
by  which  the  next  is  built ;  and  just  as  man,  in  his  embryonic  transit, 
presents  these  successive  aspects  on  the  small  scale,  so  does  the  entire 
animal  series  present  them  in  the  world  on  the  great  scale.  Eaces  of 
animals  are  not  to  be  compared  as  though  they  were  more  perfect  or  low- 
er than  one  another,  but  as  having  advanced  more  or  less  in  the  direction 
from  the  general  to  the  special ;  and  therefore,  in  this  philosophical  view, 
we  arc  justified  in  regarding  those  animated  forms  which  heretofore  have 
been  spoken  of  as  lower  in  the  animal  scale  as  being,  in  reality,  the  em- 
bryos of  those  that  are  higher;  and  this  should  lead  us  to  a  juster  esti- 
mate of  their  relation  of  value  toward  one  another,  since  we  are  very  apt 
to  contrast  them  in  that  respect.  In  the  case  of  an  individ-  vaineofem- 
ual,  as  in  man,  we  put  at  once  a  true  interpretation  on  the  i>ryonic  forms. 
value  of  the  various  transitory  conditions  through  which  he  has  passed, 
estimating  these  as  of  but  little  intrinsic  importance;  as  being,  as  it  were, 
no  more  than  links  in  a  chain ;  and  this  may  teach  us  a  more  just  appre- 
ciation of  the  relations  of  animal  races  to  one  another  and  to  the  human 
species.     It  may  teach  us  the  folly  of  comparing,  as  some  have  endeav- 
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ored  to  do,  the  animal  tribes  with  ourselves ;  of  nieasuring  their  instincts 
with  our  mental  operations ;  tbinga  which  are  different  tcrma  of  two  dif- 
ferent series,  and  things  which  are  incomTnensorable. 

There  are  three  cases  in  which  we  might  consider  thia  career.  These 
are,  first,  in  the  development  of  particular  organs,  a3  the  digestive,  res- 
piratory^ or  circulatory  ;  second,  in  tlie  development  of  individual  beings* 
which  pass  in  their  onward  progress,  as  we  have  said,  through  various 
forma  in  succession ;  third,  in  the  development  of  species,  presenting 
what  have  been  formerl/  designated  aa  successive  stngea  of  increasing 
Ijertection.  For  all  these  various  cases  a  single  illustration  may  suffice. 
lllustrBfiori  of  Thus,  in  the  primitive  period  of  Life,  a  single  niemhrane  die- 
uiD  unfolding  charges  promiscuously  and  contemporaneously  all  the  var 
from  ihe  gea-  Hous  organic  mnctiona — it  dtge&ts,  it  respires,  it  secretes: 
*'■*'-  but,  a  little  advance  onward,  special  portions  of  it  are  allot- 

ted for  one  and  another  of  these  uses,  and  a  localization,  a  centralization 
of  function  ensues,  and  things,  that  were  mixed  in  confusion  become  sep- 
arate and  distinct.  Aa  the  passage  onward  is  made,  still  farther  special- 
izations are  introduced,  and  so  on  in  succession.  Thus  at  the  two  ex- 
tremes we  may  contemplate  the  single  germinal  membrane  of  the  ovum, 
which  is  discharging  contemporaneously  every  function — digesting,  ab- 
sorbing, respu-ing,  etc- — and  the  complete  organic  apparatus  of  man,  the 
stomach,  the  lungs.^  the  skin,  the  kidneys,  and  the  liver — mechanisms 
set  apart  each  for  the  discharge  of  a  special  duty,  yet  each  having  arisen, 
as  we  fcnqw  positively  from  watching  their  order  of  development^  from 
that  simple  germinal  membrane.  We  must  not,  therefore,  permit  our- 
selves to  be  deceived  by  the  appearance  of  complexity  they  exhibit-, 
since,  intricate  aa  may  be  their  construction^  they  have  all  arisen  through 
gradual  centralization,  one  duty  being  separated  from  another,  and  hav- 
ing an  appropiiate  mechanism  for  itself;  and  so,  at  last,  it  comes  to  pass 
that  even  the  minutest  conditions  are  discharged  by  a  special  part. 
Thus,  in  the  kidney,  the  salts  are  removed  by  one  portion  of  the  struc- 
ture and  the  organic  constituents  by  another;  yet,  even  in  these  ut- 
most conditions  of  refinement,  the  primitive  condition  is  at  all  times 
ready  to  be  reproduced,  and,  when  driven  to  it,  each  of  these  structures 
can  act  vicMiOUsly  for  the  others,  and  discharge  for  the  others  their 
duty. 

It  is  unnecessary  for  our  purpose  to  multiply  instances,  since  every 
page  of  natural  history,  comparative  anatomy^  and  embryology  presentp 
them  in  abundance;  but  it  may  be  to  the  purpose  to  remark  that  tliif^ 
doctrine  leads  to  more  worthy  conceptions  of  the  system  of  nature : 
for  if  wc  suppose  that  there  has  been,  in  the  case  of  the  animal  series, 
a  passage  from  things  that  are  less  perfect  to  things  that  arc  more  so. 
though  thia  may  be  agreeable  to  our  own  eixperience,  which  is  essen- 
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isaXiy  tentative,  it  gives  via  very  base  notiona  of  tlie  manner  Raae  naiu™  of 
in  which  natural  operations  are  conducted,  since  we  can  not  view^f1h&  or- 
direst  ourselveg  of  the  idea  that  such  a  passage  from  imper-  gani"  world. 
fection  fo  perfection  implies  triaJI,  verification,  and  improvemeTit :  a  pro- 
cess which,  though  it  is  suited  to  the  limited  knowledge  of  man,  is  not 
in  accordance  with  the  precision,  perfection,  and  energy  of  Natuic,  and  is 
to  "be  rejected  the  moment  we  consider  that  we  (Heal  with  the  acts  of 
Omniscience  and  Omnipotence.  Moreover,  that  erroneous  view  leads  to 
falUcioua  estimates,  hotli  in  the  animal  series  and  in  ttie  individual,  of 
the  character  of  transitory  forms,  conferring  on  them  too  much  inde- 
pendence, and  therefore  too  nmch  dignity;  for  the  transitory  forma  of 
ciabryonic  life  and  the  forms  of  animal  species  are  the  equivalents  of 
each  other. 

Every  living  being,  therefore,  springs  from  a  gemi,  whicli  will  develop 
itself  into  the  likeness  of  its  parent,  provided  it  is  submit-  c^^^^r  und  stu]^ 
ted  to  the  same  conditions  through  which  ita  parent  pass-  J"*^^  "^  "  <ii-vei- 

1-1  ■!•    1  T  ■  t         T  1     ■         -11      "1  1       "piiR  germ  de- 

ed ;  bnt  11  the  conditions  be  changed,  it  wui  either  take  penji  un  esier- 

on  a  new  aspect,  or  if  they  have  become  iiicompatible,,  it  ^'  '«""ll'''="'a, 
will  cease  to  exist.  Bimilarity  of  development  depends  on  similarity  of 
condition,  as  is  abundantly  proved  by  such  instances  aa  the  almost  per- 
fect resemblance  of  the  two  sides  of  the  body,  which,  in  reality,  may  be 
regarded  as  distinct  individual  forms.  To  the  proof  thus  derived  from 
bilateral  symmetry  as  occurring  in  man  might  be  added  such  suggestions 
aa  arise  from  the  well-known  resemblance  of  twins ;  and  as  identity  of 
condition  wiU  thus  give  origin  to  analogy  of  development,  so  we  may 
fairly  infer  that  difference  of  condition,  no  matter  in  what  respect  the  dii- 
ference  may  be^  will  give  rise  to  difference  of  slrutture ;  thus  experienced 
gardeners  have  shown  that  the  sex  of  flowers  is,  to  a  very  great  extent, 
determined  by  the  briUiancy  of  the  light  in  whieli  they  grow.  Differ- 
ence in  the  supply  of  nutritive  material  removes  the  spliiea  from  one 
plant,  or  doubles  the  flowers  of  another,  by  changing  its  stamens  into 
petals,  or  alters  the  cycle  of  career,  and  makes  annuals  into  biennials. 
Aa  illustrations  of  the  complete  changes  of  form  during  development, 
P(j  ti^.  the  three  following  cases  may  be 

presented  :  in  I^iff.  241  are  shown 
the  ova  of  the  frog,  which  arc  trans- 
parent spherical  bodies,  containing 
a  dark  globule.  From  tliia,  by  de- 
velopment, the  tadpole,  which  is  a 
'f^l  true  tish,  breathing  by  gills,  arises. 

Derci«pnii,nt<.fthBrfT.ii.  rpj^g  figures  represent  a  side  and 

upper  view.     After  growth  has  taken  place  to  a  certain  degree,  a  change 
pf  structure  becomes  apparent,  limbs  gradually  emerging,  and  the  ani" 
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ly.  M2.  mal,  after  passing  througb,  an  inter- 

mediate state,  eventually  loses  its 
gills  and  tail,  ccascis  it9  aquatic,  and 
comraencea  aerial  respiration,  and 
shows  the  aspect,  ^iy.  242,  of  the 
perfect  frc^, 

F^g.  243  representa  the  aucceaa- 
ive  metfiniorphoses  of  the  Carcinus 
mtenas^  or  edible  crab,  as  given  by  ilr.  Couch.     A  representa  tlie  animal 


Fis  '^^■ 


on  it3  emergence  from  the  egg.  It  has  a  hemispherical  shield  on  the 
head  and  thorax,  with  a  projecting  spine,  a  tail  formed  of  six  eegmenta, 
the  two  last  being  joined  laterally.  The  second  form,  at  B,  exhibits  a 
great  change :  the  spine  has  disappeared,  the  shield  ia  depressed^  the 
eye3  on  footstalka ;  there  are  claws*  and  the  tail  is  often  carried  bent 
under  the  body.  Wlien  this  shell,  like  its  predecessor,  has  been  cast, 
the  third  form,  C,  is  assamed,  the  transition  adapting  the  animal  for 
walking  rather  than  swimming.  The  final  form,  D,  is  taken  on  at  the 
next  moult,  and  now  development  ceases,  and  growth  only  takes  place. 
Fig,  244  illustrates  the  metamorphoses  of  a  lepidopterous  insect,  the 
Fi>^M.  Bombyx  mori,  or  moth 

of  the  silk-wonn.  From 
the  egga  there  arises  a 
caterpillar,  wliich  not  on- 
ly (jusseHses  thenicans  of 
locomotion  by  feet,  etc., 
but  also  contains  within 
it  the  rudiments  of  the 
organs  to  be  eventually 
asauined.  In  this  state 
the  insect  passes  under 
the  name  of  a  larva,  because  it  is  covered  with  a  series  of  tegumental 
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which,  like  itiaskx^  conceal  the  interior  stntctore.     These,  in  succession, 
are  cast  cSL 

After  many  sach  Baccessive  castings  of  the  skin,  the  insect  enters  into 
the  pupa  or  chrysalis  state.  It  has  no  organs  of  locomotion,  and,  as  it 
has  been,  with  some  degree  of  imagination,  said,  becomes  an  egg  again. 
After  resting  in  this  state  for  a  certain  time,  it  bursts  its  confinement, 
and  assumes  the  form  of  an  aerial,  swift-moving  winged  insect.  This  is 
its  imago  state. 

It  will  now  be  convenient  to  give  a  more  precise  definition  to  terms 
which  have  been  hitherto  used  with  a  certain  latitude. 

By  the  term  growth  is  to  be  understood  the  increase  in  size  of  a  struc- 
ture, without  its  assuming  any  variation  as  respects  the  nar  Deflnition  of 
ture  of  its  fabric  or  of  the  functions  it  discharges.  Stiluoif' sod 

By  differentiation  is  meant  an  increase  involving  modifica^  development, 
tion  of  fabric  and  the  assumption  of  new  function. 

By  development  is  meant  a  differentiation  of  a  higher  order,  or  com- 
pound differentiation.  Usually  it  implies  growth  and  differentiation  con- 
jointly. 

As  illustrations  of  the  preceding  definitions,  it  may  be  said  that  a  crys- 
tal grows,  its  enlargement  presenting  no  structural  variation  and  no  new 
quality.  Cells  differentiate  from  their  normal  spherical  form,  and,  assum- 
ing a  cylindroid  figure,  give  origin  to  vascular  tissue,  the  vessels  so  aris- 
ing serving  for  new  purposes,  as  for  the  conveyance  of  gases  or  liquids. 
A  seed  develops,  for  the  organism  to  which  it  gives  rise  not  only  offers 
continually  increasing  dimensions,  but  at  all  points  the  origination  of 
novel  structures,  arising  by  differentiation  from  adjacent  and  pre-existing 
ones,  these  new  structures  having  also  new  functions. 

By  homogenesis  is  meant  the  production  of  an  organism  in  all  respects 
like  its  parent ;  by  heterogenesis,  the  production  of  an  or-  jj^^^     ^  . 
ganism  unlike  its  parent.  and  bet6rog«n- 

For  the  sake  of  brevity  and  simplicity,  we  may  suppose  **'*' 
that  there  resides  in  every  germ,  and,  therefore,  in  every  organism,  a  prin- 
ciple or  quality  which  governs  the  collocation  or  grouping  of  new  parts, 
the  same  to  which  allusion  has  heretofore  been  made  under  the  designa- 
tion of  plastic  power.  It  is  unnecessary  for  us  here  to  burden  our  con- 
ceptions of  such  a  power  with  any  hypotheses  respecting  its  nature,  it 
being  understood  that  we  use  the  title  of  this  supposed  agent  only  as  an 
expression  of  convenience. 

The  production  of  every  organism  appears,  as  far  as  existing  observa- 
tions and  experiments  go,  to  be  referable  to  a  previously  ex-  ^^  orctnic 
isting  organism.     This  being  admitted,  generation  and  repro-  molecule  the 
dnction  imply,  as  their  starting-point,  an  organic  molecule.  P""  °  ""8^ 
Such  a  combination,  furnished  with  nutrition,  grows,  its  plastic  power 
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grouping  the  new  materiaL  But  audi  a  growth  can  not  take  place  to  any 
eitent  without  a  variation  being  encountered  in  the  surroujidmg  condi- 
tions, and  the  instant  that  this  occurs,  differentiation  ensues  as  its  neces- 
sary consequence.  Growth  under  changed  circumstances  is  then  differ- 
entiation. If  the  order  of  variation,  as  regards  condition,  is  exactly  the 
Conditio  for  ^^™^  '"  *^^  ^^^^  ^^  ^^  growing  and  differentiating  combi- 
wmilarity  of  nations,  theiT  career  of  development  will  be  exactly  alike*  and 
ece  ppincnL  ^^^  forms  they  will  present  at  the  aanie  epoch  of  their  course 
will  be  the  same.  According  as  the  career  is  short,  the  probabilities  of 
identity  are  greater,  since  the  chances  of  variation,  wliich  might  be  en- 
couiitcred  in  the  two  cases,  are  less.  But  where  the  career  is  more  pro^ 
tracted,  and  many  conditions  in  succession  must  be  encountered,  it  can 
not  happen  that  there  will  be  an  exact  resemblance  in  the  course  of  two 
organic  combinations,  and  therefore  there  never  can  be  an  absolute  iden- 
tity in  the  aspect  of  any  two  rcaulling  forma. 

The  general  result  of  every  development  is  heterogenesis.  No  parent 
Dcvdopmeai  organism  ever  reproduces  another  absolutely  like  itaelf,  un- 
wncUw  hete-  ^'^^^  it  be  in  the  lowest  developed  types,  in  w^hich  the  oppoiv 
rogeucAia.  tunity  for  change  is  at  a  mioinium.  Ilomogenesia  is  only  ap- 
proached as  the  conditions  bringing  on  difierentiation  approach  similari- 
ty ;  it  therefore  sinks  into  a  special  case  coming  under  a  more  general 
law,  and,  indeed,  sjieaking  with  exactness,  we  might  say  that  in  the  nat- 
iiral  world  it  never  occurs^  the  prevalent  notion  which  rcgiirds  it  as  the 
rule  and  hetetogcnesis  as  the  exception  being  altogether  illuaoiy.  Ev- 
ery grade  of  organism,  vegetable  and  animal,  tiimiahes  us  with  examples 
of  this  truth.  Let  ua  look  for  &  njoment  at  the  highest  tribes;  and  in 
them  reproduction  never  takes  place  except  by  pairs  of  individuals  of  dif- 
ferent sexes.  Rigorously,  therefore,  the  births  should  aJso  be  by  pairs  of 
different  sexes.  Bloreover,  if  it  he  necessary  in  these  general  and  super- 
fieial  considerations,  let  ua  direct  our  attention  to  the  special  case  of  man. 
The  infant  necessarily  differs  trom  one  of  its  parents  in  sex,  and  from 
both  in  HJzc,  weight,  endowments,  and  physical  attributes.  It  is  like 
neither  of  them.  The  popular  notion  may  suggest  that  a  closer  resem- 
blance will  be  reached,  perhaps,  after  the  lapse  of  thirty  or  forty  yeara, 
when  a  nearer  approach  to  the  form  of  one  of  the  parents  may  Ije  offered 
with  elements  incorporated  from  the  lineaments  of  the  other;  but  even 
in  this  case  a  rigorous  examination  compels  us  to  admit  that  like  has  not 
produced  like. 

Eeflectlng  on  this  popular  illustration  more  profoundly,  we  disoeni 
Cycle*  of  pTO-  wherein  the  error  consists.  Instead  of  comparing  cycles  of 
j»fii  to  be  com-  process,  wc  havc  been  blundering  with  isolated  forms,  which 
tndividuAi  arise  at  different  epochs  therein.  Without  going  into  tedi- 
forms,  i^^g  details,  man  presents,  as  regards  the  most  iniportant  of 
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his  consfituent  stTucturcs,  liis  nervous  system,  the  succeasive  cBnracter- 
iaties  of  an  uvcrtcbratcd  amiiial,  a  fiah,  a  turtle,  a  bird,  a  quadtuped,  n 
quadmmarsous  animal,  before  he  asaames  the  speciiil  human  character- 
istics. This  ia  his  cycle  of  life,  and  it  la  the  same  cycle  in  one  case  aa 
in  another. 

But  the  moment  that  o»ir  view  ia  thus  enilarged,  we  see  that  it  is  not 
tb.e  indivLdtial  With  which  we  should  de4il^  for  an  individual  we  can  sciirce- 
ly  define,  since  he  is  continually  ditfering  from  liimselt'.  It  is  with  a  cy- 
cle of  proceeding,  or  a  course  of  operations  that  we  are  engaged,  a  series 
of  forma  being  the  outward  manifeatatian  of  the  succeeding  periods  of 
that  cycle  or  courae* 

An  infant,  though  unlike  both  its  parents  in  I'orm,  has  mn  through  a 
career  like  that  passed  through  by  them  botli.  Sexual  diflerentiation, 
which  indeed  is  one  of  the  last  differentiations  occurring^  offers  no  excep- 
tion to  the  truth  of  this  remark.  The  similitude  lie»  in  the  career,  not 
in  the  form  taken  at  difierent  epocha. 

The  essential  principle,  tlien,  in,  not  that  an,  organism  produces  a.  like 
organism,  but  it  producca  a.  germ  which,  being  placed  under  j,  ^nrodart 
j^iniilar  circumst^ccs,  passes  through  a  like  career  of  devel-  ivo  nuiietlosca 
opment,  and  at  successive  periods  oflers  an  orderly  series  of  ''^^  "I'™™  ■ 
forms.  The  career  13  commonly  observed  to  close  as  soon  as  the  capac- 
ity for  reproduction  is  assumed.  Hence,  in  every  organiam,  the  assump- 
tion of  the  reproductive  state  ia  the  signal  that  the  end  of  development 
is  at  hand. 

It  does  not  plainly  appear  what  are  the  circumstances  wliich  give  rise 
to  the  assumption  of  this  capacity;  nevertheless,  it  may  take  place  at 
any  moment  of  the  career.  In  the  Volvox  globalor  it  occurs  almost  at 
the  close  of  the  iirst  stage,  for  the  germ  only  readies  the  condition  ds- 
acribcd  hereafter  as  the  malbcrry  mass  when  it  becomes  capable  of  re- 
production ;  but  in  maia  the  developing  organism  lias  a  long  journey  to 
perform  beyond  tills  first  step.  Except  in  the  condition  here  dwelt  upon, 
he  differs  in  no  respect  from  his  humbler  comra<Ie  at  this  point.  The 
tendency  to  a  gliding  off  into  the  reproductive  phase  is  in  iiim  repressed, 
and  therefore  dillereutiation  and  development  continue  to  go  on. 

During  the  development  of  any  new  organism,  tlio  new  parts  uniformh' 
arise  from  the  old  ones  ;  they  are  not  built  from  foreign  mate-  aii  chupnrtHtii 
rials  depositing  themselvei*  upon  new  centres,  but  are  educed  *"  orKm'Jsin 
by  the  unfolding,  enlarging,  and  modeling  of  pm-ts  idrcady  common  cea- 
Ciisting.     All  organism  is  not  developed  as  we  enlarge  a  ^^^  or'tJ"!- 
house,  by  building  part  to  part,  but  it  all  expands  from  one  common  or 
aiiigle  centre,     Aa  the  sphere  of  it3  expansion  becomes  greater,  the  op- 
portunity arises  for  devoting  different  regions  to  different  uses,  and  thus 
'iffices  which  were  conluaedly  intermingled  become  separated  out,  and, 
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as,  in  social  undertakirigs,  the  division  of  laliOT  gives  greater  perfection  to 
tlie  work,  so  in  tliia,  functions  which,  because  they  were  blendctlT  were 
imperfectly  discharged,  now  assume  precision  and  power,  because  they 
are  disentangled  from  what  were  perhaps  countervaifing  conditions. 

By  these  considerations,  we  fire  gradually  icd  to  the  general  law  of  d&- 
velopraent,  first  recognized  by  Von  Bar,  and  passing  under 
his  name.  This  is  soniewhat  obaeurely  enunciated  in  the 
foUoi^-ing  terms :  "The  heterogeneous  arises  from  tlie  homogeneous  by  a 
gradual  process  of  change."  By  thia  it  is  nieant  that,  in  the  process  of 
development,  the  stages  are  not  from  forms  that  are  of  a  degraded  to  those 
of  a  higlier  type,  but  that  from  the  general  the  apeciai,  which  was  therein 
included,  is  gradually  involved. 

In  conclusion  of  these  prcliminaiy  remarks  on  reprodnction,  it  may  be 
tnTarinbie  ee-  observed  that,  even  in  the  highest  and  most  elaborate  tj'pes, 
qocnwanddif-  the  causes  wliich  bring  on  differentiation  foLlow  each  other  in 
such  a  predetermined  ecqucnce,  that  tlie  whole  phenomenon 
might  be  said,  to  be  under  tlie  dominion  of  matlieinatical  conditions,  Aa 
a  striking  instance  of  this  may  he  mentioned,  in  iJie  cage  of  man,  the  nu- 
merical equality  of  the  sexes  ;  and  that  this  ainguhn-  reSult  is  determined 
by  the  alternate  preponderance  of  conditions  which  are  otiierwise  nicely 
balanced,  is  shown  by  the  interesting  instances  occurring  among  insecta 
of  dimidiate  and  quadrate  hermaphroditism,  in  the  former  of  which 
the  resulting  insect  ig  of  different  sexes  on  the  two  sides  of  its  body, 
anil  in  the  latter  the  male  and  female  portions  are  quadrantally  arranged. 
If  the  left  side  of  the  head  and.  thorax  are  those  of  a  male  insect,  the 
right  half  of  the  abdomen  ia  of  the  same  kind,  the  intervening  portiona 
being  of  the  other  sex.  The  neuter  ptatc  might  even  be  imagined  to 
arise  from  the  more  precise  blending,  balancing,  and  confusing  of  such 
conditions  aa  hero  give  evidence  of  an  incipient  tendency  to  separate  from 
one  another. 

In  the  farther  discussion  of  reproduction  we  shall  find  it  conveniently 
Divisions nf  eongideTcd  under  two  distinct  divisions;  first,  generation; 
rep  rod  uci  ion.  gecond,  gemmation.  Our  attention  may,  then,  be  profitably 
directed  to  the  singular  facts  known  under  the  designation  of  alternation 
of  generations.  As  illuatrationa  of  the  terms  here  employed,  it  may  be 
stated,  that  the  production  of  a  seed  and  the  development  of  a  plant  there- 
from are  to  be  considered  in  connection  witli  generation,  and  that  the  ob- 
taining of  new  plants  and  trees  by  budding  and  grafting,  and  the  pro- 
duction of  many  new  hydras  by  their  sprouting  forth  from  an  old  one, 
are  to  be  considered  under  gemmation.  By  the  alternation  of  genera- 
tions is  meant  tliat  an  organism.  A,  will  give  rise  to  a  second  one,  B, 
wholly  Unlike  itself,  and  that  this  second  organism,  B,  will  give  rise  to  a 
third,  Ci  unlike  itself,  but  C  shall  reaemble  A.     This  singular  condition 
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of  things  will  be  sbown  to  originate  in  the  periodical  aitemation  of  gen- 
eration and  gemmation  respectively. 

llT.    Of   OEXERJlTIOK. 

Reproduction  by  generation  is  accomplished  on  two  different  types: 
1st.  By  the  conjugation  of  two  similar  cells:   2d.  By  filaments. 

In  the  first,  that  is,  by  the  conjugation  of  two  similar  cells,  a  third 
body,  called  a  sporanginm,  resiilta.      Of  thia  process  there  „.  ,., 

appear  to  be  three  different  modifications :  1  st.  The  two  sim-  cationa  or  cob- 
Uar  conjugating  cells  diucharge  their  ondochrorae,  Or  coloring  ■'"^*  '""■ 
material,  each  voiding  itself  completely^  and  the  sporangium  arises  from 
the  mixture;  2d.  A  dilatation  forms  on  the  point  of  union  of  the  two 
conjugating  cells,  and  into  this  dilatation  the  endocfiromes  of  both  cells 
ore  passed  ;  3d.  The  endochrome  of  one  cell  is  wholly  retained,  and  that 
of  the  other  is  added  to  it,  the  one  becoming  void)  and  in  the  other  the 
=!porangium  being  produced.  This,  occurring  in  the  lowest  vegetables, 
among  which  it  was  for  a  long  time  supposed  that  the  type  of  reproduc- 
tion is  totally  different  from  that  of  flowering  plants  and  aiiimala,  pre- 
sents us  with  the  firat  traces  of  what  is  eventually  displayed  as  differ- 
ence of  sex. 

This  Bhadowing  forth  of  the  difference  of  sexes  is  illustrated  in  a  very 
instructive  manner  by  the  Zygnema  quininum,  a  freah-water  conferva. 
Its  manner  of  growth  is  what  has  been  already  described  in  the  case  of 
the  Conferva  glomerata,  -/'V^.  231.     In  the  annexed  luff.  245  ia  repre- 


Derelopnieiit  uid  reproduce  ton  at  Zygnt-toh  qolDlnnno. 

sented  at  A  the  process  of  growth  by  the  subdivision  of  cells,  ale  repre- 
senting three  such  eells,  the  middle  one,  ^,  being  in  the  act  of  subdivision. 
At  B  two  threads  arc  in  the  .ict  of  conjugation.  The  etidocliromes  of 
both  are  spirally  arranged,  and  dilatatinns  reaching  fi-oro  one  to  the  other 
are  here  and  there  seen.  At  C  the  endochromes  of  one  thread,  a,  have 
wholly  passed  over  to  the  other  thread,  *,  and  the  round  bodies,  or  spo- 


516  8P£IIH-CELL3. 

rangia,  are  the  result.  It  is  this  passage  from  one  thread  to  the  other 
which  betrays  the  first  indications  of  sex. 

lu  the  second,  that  ia,  by  filainenta,  two  cells  arc  again  necessary, 
which,  differing  in  constniction  and  also  in  fiinctioi],  are  des- 

Two  moilifica-  \  ti  i 

Eiona  by  flia-  ]gnateu  the  sperm-ceU  and  gemi-cell  respectively.  Of  tliis 
'^™*^-  type  there  are  two  moditi cations  :   Igt,  Reproduction  by  mov- 

ing filaments,  as  presented  in  t3ie  higlier  alga:  and  ferns;  2d.  By  elon- 
gating filaments,  as  in  flowering  plants.  The  moving  filaments,  which 
were  discovered  in  the  case  of  animals  soon  after  the  introduction  of  the 
niicroacope,  were  regarded  as  animalcules,  and  passed  under  the  designa- 
tion of  epermatozoa.  The  germ  wliich  arises  in  the  first  of  these  modi- 
fications is,  in  the  lower  tribeSt  unprovided  with  any  nutritive  supply: 
In  the  higher,  a.  stoclc  of  food  is  prepared  for  it  by  the  parent.  In  the 
Hccond,  the  sperm-cell,  or,  as  it  ia  frequently  termed,  pollen  grain,  does 
not  produce  a  moving  fiilaraeiit,  but  elongates  itself  into  a  delicate  tube 
until  it  roaches  the  germ-cell.  A  stock  of  nutritious  matter  is  placed 
around  tlie  resulting  embryo,  and  this  is  tlie  ordinary  conEtruction  ol' 
r^eeds. 

Restricting  our  description  to  the  case  which  more  immediately  inter- 
ests  us,  wc  shall  first  consider  the  mode  of  origin  and  nature  of  the 
3perm-cell  and  its  filaments  in  animals,  and  tlicn  of  the  germ-<:ell  and  its 
process  of  development  when  fertilized. 

Ist.  ()/  the  jSperm-L'e^L— Tiler  testes  arc  tlie  organs  in  which  the 
sperm-cells  and  filaments  arise  in  man.  They  are  of  an  ovoid  form; 
each  ia  covered  with  a  white  envelope,  the  tunica  albuffinea.  A  serous 
membrane,  folded  as  a  shut  sac,  overlies  this  tunic.  From  the  inner 
surface  a  number  of  delicate  projections  arise,  which  divide  the  organ  into 
several  compartments.  In  these  compartments  are  lodged  loLules  aris- 
ing from  the  tubuli  seminiferi  and  their  supplying  bio od-ves sola.  There 
Prod  ciion  of  ^^^  about  450  Jobulcs  in  each  testis ;  their  shape  ia  conical, 
(pemi-cellfl  by  the  diameter  of  the  tubes  of  which  they  are  composed  about 
thQ  testca.         j]^g  _^  ^^  ^^  .^^^j^_     rj.j^^  ^^j.^1  jp^gjjj  ^f  jjj-jj  tubular  struct 

ture  is  about  three  quarters  of  a  mile.  Before  the  tubuli  of  each  lobule 
reach  the  retc  lestis,  they  cease  to  be  convoluted,  and  bundles  of  them, 
uniting  into  larger  vessels,  are  designated  tubuli  recti.  In  the  rete  tes- 
tis there  arc  from  half  a  dozen  to  a  dozen  of  these  tubes,  which  various- 
ly anastomose  with  one  anotiier  and  divide.  They  empty  into  the  vasn 
efterentia,  which,  from  being  straight,  become  convoluted,  a  aeries  of 
cones  arising,  which  together  form  the  globus  major  of  the  epididymis. 
This  is  a  convoluted  canal,  of  about  twenty  feet  in  lengtli,  which,  de- 
scending, receives  beyond  ila  globus  minor  the  vaaculum  aberrang.  It 
then  empties  into  the  vas  deferens. 

7^?^.  2-iG,  humau  testis :  a,  testis ;  A,  lobes ;  t,  tubuU  recti ;  d,  rete 
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vascuIoBUm  ;  e,  vaaa  cfferentia ;  y, 
coni  vasciilosi ;  g,  epididymis ;  A, 
vaa  deferens ;  i,  vaa  aberrans ;  7?l, 
branches  of  the  spermatica  intei^ 
na  of  tlie  testis  and  epididymis; 
n,  rani ificat ion  on  the  testis  ;  0,  ar- 
teria  deferentialia ;  p,  nnaatamosis 
with  a  branch  of  the  spermatic. 
(Arnold.) 

The  aecretion  of  the  testis  must 
be  taken  for  examination  from  the 
vaa  deferens  or  epididymis,  before 
it  has  been  mixed  with  the  fluid  of 
the  prostate  and  Cowper'a  glands, 
or  with  mucus.  It  may  be  min- 
gled with  a  little  albuncn  or  se- 
rum for  the  purpose  of  dilution^  and, 
when  examined  with  a  power  of 
500  diameters,  exhibits  mnltitudeig 
of  mo^nng  bodies.  These  are  the 
seminal  animalcules,  or  spermato- 
zoa. Among  them  are  to  be  seen,  here  and  there,  round  granular  bod- 
ies, the  seminal  granules.  Tlicse,  with  the  spermatozoa,  are  sustained 
in  a  clear  and  transparent  liquid.  The  examination  of  these  different 
cMnstitncnts  is  conducted  with  difficulty,  since  tliey  can  not  be  separated 
from  one  another  by  means  of  filtration.  The  spermatozoa  arise  from 
the  seminal  granules. 

The  spermatozoa  arc  found  in  the  spermatic  fluid  of  all  animals  after 
puberty,  their  form  being  different  in  different  classes  and  spprraatgaoa, 
species.  Generally  they  may  be  described  as  consisting  of  "icscfiption  of. 
a  httle  oval-shaped  head,  from  which  a  delicate  filament  or  tail  projects. 
The  motion  of  the  s|remiatozoa  is  accomplished  by  means  of  their  fil- 
ament. It  takes  place  in  different  ways,  sometimes  the  filament  vibrat- 
ing like  a  whip,  sometimes  rotating  like  a  screw,  and  sometimes  a  spin- 
ning round,  as  it  were,  iipon  a  pivot,  occurs,  the  filament  having  been 
coiled  like  a  watch-spring.  The  rate  of  motion  seems  under  the  inicro- 
soope  to  be  rapid;  it  is,  however,  estimated  at  an  inch  in  thirteen  min- 
utes. In  man,  their  entire  length  may  be  estimated  at  about  the  ^-^  of 
an  inch,  the  length  of  the  head  being  about  tlic  ^^^,  and  its  nmnan  sper- 
breadth  the  Ywhs^'  They  continue  to  exhibit  motion  in  laatoioa, 
birds  for  fifteen  or  twenty  minates  after  death ;  in  cold-blooded  animals 
even  after  days.  They  withatanil,  for  a  time,  the  action  of  solutions  of 
sugar  and  salt,  but  are  destroyed  at  once  by  alcohol  and  dilute  acids, 
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which  appear  to  affect  their  organization.  Strj'cluiia,  opium,  and  hy- 
drocyanic  acid  likewise  stop  their  motions,  but  without  causing  any 
change  in  their  form. 

Tho  production  of  spermatozoa  is  best  studied  in  the  case  of  birds. 
Spemiiiozoii  I'or  lliis  purpose  Wagner  reconimcnds  that  one  of  tiie  order 
in  birda.  of  Passeres  be  taken  in  the  pairing  time.  The  condition  of 
the  featea  indicates  the  state  of  evolution  of  tlie  spermatozoa.  In  whi- 
ter those  organs  are  of  the  size  of  a  pin's  head,  but  in  spiijig  they  have 
increased  twenty  or  thirty  fold.  Exteriorly  they  exhibit  convolutions  like 
those  of  the  brain,  and  contain  granules  and  seminal  globnles.  After 
pahring  tune  is  over,  they  relapse  to  their  original  diminutive  state.  The 
aeminal  globules  appear  to  be  derived  from  the  epithelial  cells  lining  the 
tubuli  seminiferi.  They  arc  developed  into  what  ore  termed  primarj- 
cellSij  each  of  which  contains  a  number  of  secondary  cells  or  vesicles  of 
eyolntiom  In  the  interior  of  these  vesicles  the  spermatozoa  originate, 
as  a  derivation  or  development  from  the  nucleus,  each  vesicle  giving  rise 
Evolution  of  ^o  oue  spermatozoon,  AVheu  tliis  has  reached  perfection,  the 
■pfirm&tDzoa.  vesicle  deliquesces  and  Bets  it  free.  There  are  from  one  to 
twenty  vesicles  of  evolution  iti  each  primary  cell.  In  birds  the  filaments 
may  be  retained  for  a  length  of  time  in  the  primary  cell  after  deliquescence 
of  the  vesicle,  but  in  mammals,  aa  soou  aa  the  filament  is  mature  it  ea- 
capea.  In  the  former  case  the  filaments  aggregate  into  bundles,  but  they 
break  up  into  individuals  when  the  primary  cell  deliquesces. 

jp^  J47_  J*ig.  241 1  spermatozoic  tilamente,  develop- 

'~  ing  in  Certhea  vulgaris  :  a,  seminal  granule; 
fr,  cystt  with  two  vesicles  of  evolution,  many 
granules,  and  a  bundle  of  spermatozoa;  (?,0Tal 
cyst,  with  spermatozoa  coiled  up.  (Wagner.) 
Of  the  fonnation  of  spennatic  filanients 
Dr.  Burnett  gives  an  account  somewhat  dif 
ferent  from  the  preceding.  According  to  hinij 
•'the  moqihologicftl  changes  in  the  sperm- 
D«vBiopm^trf.perm.i«o^  cell  preceding  the  fonnation  of  the  spematic 
filaments  are  identical  in  their  character  with  the  changes  in  the  ovum 
which  are  antecedent  to  the  formation  of  the  new  being.  When  the  gen- 
erative function  begins  to  be  developed,  the  character  of  the  epithelial 
cells  lining  the  tubules  is  modified.  The  cells  pass  to  a  higher  degree 
in  function,  but  do  not  undergo  any  change  in  structure,  except  a  slight 
increase  in  size.  In  this  condition  they  divide  and  subdivide,  by  a  pro- 
cess similar  to  the  segmentation  of  the  yolk,  until  they  are  entirely  con- 
verted into  a  mulberry  mass.  A  liquefaction  of  the  segmented  contents 
into  a  minute  granular  blastema  then  ensues,  and  from  this  the  spermatic 
filaments  are  developed.     In  the  Plagiostomes,  Dr.  Burnett  was  able  to 
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observe  the  disappearance  of  the  raulbeny  masa,  and  ita  replacement  bj 
a  faaciculua  of  spi^rmatic  iilaments,  altliough  tlie  exact  H!elai5iorphosi3  bj 
which,  the  granular  cellular  mass  ibrmed  the  bodies  of  the  ajjermatoaoids 
could  not  be  detected.  The  spermatic  ftlamenta,  Dr.  Burriett  thinks,  are 
not  tbriTied,  aa  stated  by  Koiliker,  by  a  deposit  from  the  contentg  of  the 
sperm-cell  or  nucleus,  but  by  an  elongation  of  the  nucleus  itaeli".  The 
body  of  the  Bp<;miatozoid  is  developed  from  the  cell,  while  the  tail  is 
probably  subsequently  tbnaed  by  an  aixuiuulatiou  of  luiuute  particles." 
(KoUiker,  Am.  ed.>  p.  625.) 

In  man,  the  production  of  spermatozoa  commences  between  the  four- 
teenth and  sixteenth  year,  the  time  of  puberty,  and  continues  until  the 
aixty-fifth  or  seventieth,  or  even  much  longer.  This  period  of  commence- 
ment 13  marked  by  a  grciit  change  in  the  physical  and  moral  cotiatitution. 

The  sperraatic  fluid  of  mule  animals  containa  no  spermatozoa.  This 
fact  has  been  established  in  an  interesting  manner  by  Wagner  in  the  case 
of  birds,  of  ivhich  many  of  those  which  arc  domesticated  readily  cross. 
There  can  be  no  doubt  that  these  bodies  are  the  essential  portion  of  the 
fluid,  and  that  it  ia  their  action  upon  the  ovum  which  establishes  its  fer- 
tilization. 

There  has  been  much  tontroversy  whether  the  spermatozoa  present 
traces  of  organization,  properly  speaking.  Though  it  is  convenient  to 
designate  their  dilated  portion  as  the  head,  and  the  fihunent  as  the  tail, 
it  has  never  yet  been  established  that  any  thing  answering  to  a  true 
structural  arrangement  exists,  and,  upon  the  whole,  it  may  be  concluded 
that  the  appearances  which  have  been  by  some  supposed  to  indicate  or- 
ganization arc,  in  reality,  only  an  optica)  illusion. 

'id.  Of  the  Genn-cdl, — In  mammals  the  female  reproductive  appara- 
tus consists  essentially  of  the  ovaries,  oviduct,  and  uterus.       „      i 

The  ovaries  are  two  ovoid  bodies  situated  on  eitlier  side  (tHciive  B[.pi- 
of  the  uterus.  They  consist  of  a  stroma  in  which  vesicles  ^''  ""' 
are  imbedded :  these  vesicles  give  origin  to  the  ova.  In  the  manner  to 
be  presently  described,  t!ie  ova,  being  received  at  the  fimbriated  extrem- 
ities of  the  Fallopian  tubes,  those  tubes  being  therefore  appropriately 
termed  o-iducts,  are  carried  into  the  cavity  of  the  uterus. 

At  the  time  of  puberty  in  the  human  female,  which  occurs  between 

the  14th  and  lOtb  year,  a  physical  and  moral  cliangc  takes 
1  I  I'll         1  1        1        n     1    1  The  citBaiem*. 

place,  answering  to  that  which  has  been  already  alluded  to 
as  occurring  in  the  male.  From  tliis  period  a  sanguinolent  discharge 
makes  its  apjiearance  monthly:  it  is  the  catatiienia.  The  interval  from 
time  to  time  is  commonly  estimated  at  four  weeks ;  it  varies,  however, 
with  individuals,  and  it  ia  said  also  with  climates,  tlie  discharge  occurring 
in  the  hotter  more  frequently,  and  in  gi-eater  quantity.  It  is  essentially 
blood,  which  has  been  deprived  of  its  quality  of  coagulating  by  inter- 
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mixtcTe  witli  acid  mucus  of  the  vagina.  So  long  aa  tlieae  periods  con- 
tinue* the  individual  possesses  the  reproductive  power,  the  tirat  appear- 
ance of  the  catamenla  Indicating  tlie  capacity  for  conception,  and  the  dis- 
tippeArance,  at  abont  the  45th  year,  its  end.  During  gestation  the  cata- 
menia  are  suspended,  and,  indeed,  it  is  this  event  which  is  usually  taken 
as  the  indication  that  conception  has  occurred. 

The  periodical  occurrence  of  this  discharge  in  the  human  female,  though 
more  frequent,  is  easentially  the  same  aa  the  periodically  occurring  heat 
of  other  animals,  which  is  also  attended  with  a  sero-satigninolent  dis- 
charge. In  otlicr  reapectSt  likewise^  the  analogy  ia  maintained,  for  in 
those  animals,  the  appearance  of  this  di&chargc  and  its  attendant  phe- 
nornena  constituting  an  indication  of  a  simultaneoug  capacity  for  con- 
ception, in  women  the  same  thing  holds  good,  conception  occurring  in 
them  at  the  time  of  the  close  of  the  raengtrqal  discharge* 

I.   Ovum  in  the  Ovary. 

The  ovaTy  is  the  organiain  in  which  the  ova  are  prepared,  these  bodies 
arising  in  the  folloT?ing  way  : 

In  the  stroma  of  the  ovary  there  occur  at  a  time  ten,  tiventy,  or  many 
■produciion  moro  ccUs,  which  have  received  the  designation  of  Graafian  ves- 
of  ova.  idea  or  ovi&acs.  These  originate  in.  the  interior  of  the  ovary, 
and,  as  they  Income  perfected*  paaa  to  ita  surface,  presenting  themselves 
thereupon  as  prominences  ivhich  arc  covered  over  exteriorly  with  peri- 
toneum. Each  of  these  vesielea  haa  a  niemhranoua  envelope  connecting 
it  with  the  suhstance  of  the  ov;iry  exteriorly,  and  covered  interiorly  widi 
a  lavcv  i.if  Jiiiu-leated  cells,  designated  nicmbrana  granulosa.  It  is  tilled 
with  a  fluid  in  whicli  multitudes  of  granules  float,  and  in  ita  centre  is  the 
OTide.  Tliis,  as  it  Lecomes  mature,  i&  pushed  up  toward  the  surface  of 
the  ovisac  by  an  accumulation  of  linj^uid  in  the  lower  part  thereof,  and 
is  so  brought  into  close  relation  with  the  membraua  granulosa  at  the 
place  where  it  is  upon  the  surface  oftlie  ovary.  At  this  point  there  col- 
lects on  the  ovum  a  zone  of  granules,  to  which  tlie  designation  of  discus 
proligerus  is  given. 

fly.  248»  transverse  section  through  the  ovary  of  a  woman  dead  in 
the  fifth  month  of  pregiianey:  n.  Graafian  follicle  of  inferior,  and,  fi,  of 
superior  surface;  t',  peritoneal  laniclla  of  bgainentum  latum,  continued 
upon  the  ovary,  and  coalescing  with,  ^/,  the  tunica  albuginea:  in  the  in- 
terior two  corpora  albicantia  (old  corpora  lutca)  atc  visible;  e,  stroma  of 
the  ovary,     (Kolliker.) 

Fifj.  249,  section  of  the  Graafian  vesicle:  1,  stroma  of  ovary,  with 
blood-vessels  ;  2,  peritoneuni  %  .3  and  .5,  layers  of  the  external  coat  of  the 
Graafian  vesicle;  4,  mombrana  granulosa;  ti,  fluid  of  the  vesicle;  7,  gran- 
ular aone,  or  discus  proligerus;  8,  the  ovum,     (Yon  Biir.) 
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tjecLloD  of  Uraafiiin  vodole. 
SiwtiMi  at  oTary. 

T^i'j?.  250,  ovum  of  the  bow:  1,  germinal  sjKit ;  2,  g;(Tminal  vesicle; 
%  yolk  ;  4,  zona  pellucida ;  5,  discus  proligems  ;  G,  acllierent  granules  or 
cells.     (ISarry.) 

The  diameter  of  the  hnman  ovum  variea  from  the  -^^  to  the  yj-^  of 
an  inch.  It  consists  of  an  exterior  transparent  membrflnc,  De9cripii.irn)r 
the  Y^^  of  an  inch  in.  thickness,  which,  when  comprea.'^ed  ^^^  ''*'^'"- 
for  the  purpose  of  cxoniination^appoara  like  a  diaphanous  circle,  and  iienco 
Called  zona  pellucida,  ^\'ithin  this  zone,  and  inclosed  by  it,  is  the  yolk, 
a  granular  material  au&pended  in  or  intermingled  with  fluid,  the  granules 
being"  of  different  size3;  tliose  near  the  pellucid  zone  are  the  largest.  For 
the  moat  part,  tiie  yolk  consists  of  albumen  and  oil  globules.  Its  condi- 
tion, aa  regards  liquidity,  v^es  in  different  nnimalf*;  in  aomc  it  is  al- 
most a  soft  eoHdt  so  tlial,  when  watpr  pfrcolntes  thToiigh  the  zona  pellu- 
cida^  it  isolates  the  yolk  by  eurrounding  it  on  all  Hides,  and  parting  it  oft' 
from  the  zone.  Witliin  tha  substance  of  flic  yolk  is  a  distinct  cell,  the 
germinal  vesicle,  which  gradually  makes  its  way  from  the  interior  to  the* 
place  of  peritoneal  contact.  As  it  advances  to  |>erfection,  it  consists  of  a 
delicate  spherical  rocmbranc  containing  a  lirjuid,  in  which  granules  arc 
suspended.     Upon  that  portion  of  it  nearest  to  t'^ie  place  of  peritoneal 

contact  is  its  nucleus,  the  gcnninal 
spot,  about  the  ^^Ijj^  of  an  inch 
in  diameter,  and  consisting  of  yel- 
low granules. 

F'lf)'.  251,  diagram  of  a  Graa- 
han  vesicle  and  o\'um  :  1,  stromn 
of  ovary ;  2,  3,  external  and  in- 
ternal tunics  of  the  (Jraatian  ves- 
icle; 4,  cavity  of  vesicle  ;  5>  thick 
tunic  of  tiie  ovum  or  yolk-sac ;  6. 
the  yolk  ;  7,  the  genninal  vesicle : 
8t  the  germinal  spot. 

The  mo3t  mature  ova  arc  near- 
est the  surface  of  the  ovary,  but 
are  separated  from  its  peritoneum 
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by  a  tliin^  fibrona  layer  of  stroma.  The  Graafian  vesicle  is,  tliere- 
fore,  the  parent  of  the  ovum.  Periodically^  »a  development  is  going  on, 
tHe  Groarian  veside  bursts,  and  the  ovum  is  set  free*  TJiis  effect  aritnes, 
in  part,  from  the  circumatance  that,  the  space  between  the  vesicle  and 
ovum  being  filled  with  cells*  those  near  the  surtace  of  the  ovary  disap- 
pgiar,  and  ^n  albuminous  liquid,  which  accuraidates  below,  puahes  the 
ovum  up.  This  extrusion  of  ova  occurs  even  in  childhood.  The  ovisac, 
or  Graafian,  vesicle,  thus  changed  Into  a  follicle,  ia  gradually  filled  up,  its 
walld  ivrinkling,  and  red-colored  nuilcrial,  arising  from  the  menibrana 
granulosa,  being  deposited  in  it  until  it  ia  almost  filled. 
This  deposit  gradually  turns  yellow,  and  ia  eventually  com- 
posed of  cells  interiorly,  and  fibres  arising  therefrom  exteriorly.  When 
the  deposit  is  completed,  a  stellated  cicatrix  is  observed  in  its  midst. 
The  yellow  l^ody  thus  arising  passes  under  the  designation  of  corpus  lu- 
teum.  If  impregnation  does  not  occur,  tlic  yellow  substance  forms  to 
but  a  small  extent,  and  after  a  time  disappears*  It  is  relatively  more 
abundant  in  animals  than,  in  women.  Attempts  have  been  made  to  use 
the  indications  of  the  corpus  luteum  for  determining  the  question  of  preg- 
nancy. The  foiilowing  points  are  presented  by  Dr.  Dalton  as  offering 
characteristics  by  wliich  the  corpora  lutea  of  pregnancy  and  menstruation 
may  be  di.-Jtinguislied  :  "  The  corpus  luteuui  of  pregnancy  arrives  more 
slowly  at  its  maximum  development,  and  afterward  remains  for  a  long 
time  as  a  noticeable  tumor  instead  of  undergoing  rapid  atrophy.  It  re- 
tains a  globular  or  only  slightly  fiattened  form,  and  gives  to  the  touch  a 
sense  of  resistance  and  isolidity.  It  lias  a  more  advanced  oi^nizatioa 
than  the  other  kind,  and  its  convoluted  wall  ia  much  tliicker.  Its  color 
ia  not  of  so  decided  a  yellow,  but  of  a  more  dusky  hue,  and  if  the  period 
of  pregnancy  is  at  all  advanced,  it  ia  not  found,  like  the  other,  in  com- 
jiany  with  unruptured  vesicles  in  active  process  of  development.^ 

J^iff.  2o2,  corpora  lutca  of  different  j^ktioi-Is  :    a,  corpus  luteum  two 


L'ur^ura.  luti-a. 


days  after  delivejy  :  5,  corpus  luteum  of  about  sixth  week  after  iiapreg- 
natian,  showing  its  plicated  form  at  that  period ;  1,  substance  of  ovary ; 
2,  substance  of  corpus  luteum  ;  3,  grayish  coagulum  in  its  cavity ;  d,  in 
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the  twelfth  week  after  delivery,     [a  and  A,  Dr.  Patterson ;  d,  Dr.  Mont- 

gomerj.) 

11.  Fertilised  Ovum  in  the  Omduct 

Such  being  a  description  of  the  ordinary  or  unfertilized  ovum,  we  have 
next  to  follow  the  clutiiges  which  ensue  if  fertilization  has  taken  place. 

The  spermatozoa  having  become  enveloped  in  the  pellucid  zone  or 
passing  through  it,  the  ovum  ia  received  by  the  fimbriated  extremities 
of  the  Fallopian  tube,  along  which  it  is  carried  by  peristaltic  eontraction 
or  ciliary  motion.  The  tirst  cliaiige  whicli  takes  place  in  it  is  the  disap- 
pearance of  it3  germinal  vesicle  and  germinal  spot.  This  disappearance 
ia,  however,  stated  by  aome  to  be  preceded  by  a  development  of  cells 
originating  in  the  nucleua  or  germinal  sjKft ;  nor  is  it  the  result  of  fertil- 
ization, since  it  occurs  in  the  unimprcgnated  ovum.  The  ohaaiceaor(ti*> 
cells  of  the  njembrana  granulosa,  which  surround  the  ovum,  fcrtiiiztflwuQi 
become  first  of  a  conical  shape,  but  their  rounded  form  is  re-  ^^  "  ''^'  "'^^' 
sumed  on  paissing  into  the  tube. 

Ff!f.  sira.  -Fig.  253,  ovarian  OTum  of  dog,  eithibiting  the 

elongated  form  and  stellate  arrangement  of  the 
cells  of  the  discus  prohgcnis  round  the  20na  pel- 
lucida, 

Fiff.  2o-i,  same  ovum  after  the  ^'o-^^- 

removal   of  moat   of  the   club- 
ishaped  cells.  /\ 

^^MW'-  T^'^  yolk  is  next  observed  to  /  U^^^^^  '  -■ 

ovAriBB  DvaiD.  contract  so  as  to  leave  a  clear  [  "^^^^K  ^^ 

space  between  it  and  tlie  zona  pellucida.     As  the  pas- 
sagE  along  the  tube  ia  taking  plaee^  the  isona  assumes  4dU 

a  coating  of  albuminoua  material,  which  ia  what  is  call-  ovftrisn  wnm. 
ed  in  birds  the  white  of  the  egg.  It  eventually  becomes  the  chorion. 
Meantime,  after  the  disappearance  of  the  germinal  vesicle,  a  new  cell,  the 
embryo  cell,  arises,  and  tliia  undergoes  subdivision  or  segmentationij  an 
eflect  in  which  the  yolk  itself  presently  becomes  involved,  each  new  or 
daughter  embryo  cell  so  arising  assuming  a  part  of  the  yolk.  A  constant 
process  of  bisection  is  thua  established,  the  yolk  dividing  first  into  two 
portions,  then  into  four,  eight,  sixteen,  etc.,  each  division  containing  a 
nucleated  cell.  At  this  period  may  be  seen  the  spermatozoa  involved  in 
the  zona  pellucida,  and,  as  the  process  of  bisection  goes  on,  -j-te  mulbem- 
the  mass  asauracs  a  mulberry  aspect,  and  finally  becomes  """**■ 
granular.  This  is,  for  the  most  part,  tiuisbcd  by  the  time  the  ovum  al- 
ters the  uterus. 

Fi^.  255,  ova  of  the  dog  in  various  stages :  fl,  from  the  oviduct,  half 
an  inch  from  the  uterus,  spennatozoida  being  in  the  pellucid  zone,  the  yolk 
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bisected ;  b,  cells  of  tunica  gmnalo&a  have  diaappeared,  and  the  yolk  ie 
in  four  segments ;  c,  continued  advance  in  Bcgmentation  j  d,  the  zona 
has  become  tliicker,  and  the  segmentation  more  complete ;  e,  ovum  burst 
by  compression :  some  of  the  segments  have  escaped ;  each  shows  a 
bright  ipot  or  vesicle. 


Firr.  SGB. 


JF'iff.  256,  cleavage  of  the  yolk  after  fecundation :  a,  an  ovum  of  As- 
caris  riigrovenoaa,  the  yolk  of  which  is  divided  into  two  equal  portions : 
the  upj}er  portion  contains  a  cell  with  a  large  nucleus,  the  lower  a  sim- 
ilar cell  with  two  small  nuclei;  b,  ovum  subdivided  into  four  portions: 
*',  the  subdivision  ha.s  reached  sixteen,  pach  possessing  a  mono-nucleated 
cell;  df  ovum  of  Ascaris  acuminata,  showing  the  stages  of  Bubdiviaion, 
the  [Kirtiona  becoming  very  small ;  e,  the  portions  preparing  to  be  mould- 
ed ijito  the  young  worm,    (a,  b,  e,  KolUkcr ;  rf,  e.,  Bagge.) 


SegmoiUUull  "f  opum. 

Aa  the  ovum  is  about  to  enter  the  uterus,  each  portion  which  has  arisen 
from  the  eegmentation  of  the  yolk  has  become  a  perfect  cell.  This  cell 
iomiation  having  been  accomplished  at  the  surface  of  the  yolk  first,  the 
cells  there  begin  to  eoaleace  into  a  membrane,  with  an  aspect  like  that 
of  hexagonal  pavement  epithelium,  and,  as  tlie  change  passes  toward  the 
centre,  the  cells,  aa  they  form,  come  toward  the  membrane  and  thicken 
it,  leaving  a  clear  liquid  within.  In  this  manner  a  eecondary  vesicle 
forms  wLthiti  the  siona  pellucida :  it  is  the  blastodermic  vesicle :  it  is  the 


UTEHIKE  NUTBITION. 


525 


Tbi  choriiMi. 


lemporary  stomach  of  the  embryo.  Ita  wall  constitutes  the  geTminal 
tiiembrane,  upon  which  the  embrjo  arises.  New  cells  being  constantlv 
udded»  the  membrane  increases  in  thickness  ;  and  here  it  may  xhe  germioal 
be  remarked  tliat^  in  most  tjpes,  the  yolk  is  to  be  considered  tnembmue. 
as  presenting  two  portions — the  genn-yolk  and  the  food-yolt ;  the  for- 
mer being  immediately  employed  in  the  development  of  the  embryo,  and 
(he  latter  being  a  stock  for  more  advanced  supply.  In  mannnals,  for 
whom  other  means  of  nutrition  are  quickly  provided,  the  food-yolk  is  im- 
perceptible, and,  iK^oieover,  in  them  the  albuminous  coating;  of  the  zona 
[>elluc]da  is  small ;  but  in  birds,  the  embryo  of  which  lias  1o  be  nourish- 
ed independently  of  the  parent,  the  quantity  is  neccasarily  large.  Aa  we 
have  said,  thia  albuminous  covering  and  the  zona  togetlier  constitute  the 
chorion,  tiie  exterior  of  which  presents  a  rugged  aspect,  from  the  appear- 
jiuce  of  absorbing  radicles^  which,  becoming  imbedded  or  dove- 
Tailed  in  the  deciduoua  membrane,  presently  to  be  described, 
>'Stabiidhe3  the  necessary  connection  for  tuft  nutrition,  and  thereby  ob- 
f.iining  albumen  from  the  parent. 

Ill,  J^ertilised  Ovum  in  the  Uterus. 

While  the  ovum  is  passing  through  the  Fallopian  lube  or  o\idnct,  it 
obtains  a  coating  of  albuminous  material  outside  of  its  zona  pellucida,  as 
has  been  said.  Thia  coating  becomes  the  means  of  attachment  to  the 
uterus,  and  thereby  of  the  absorption  of  nutriment  in  the  following  way. 
The  outside  surface  of  the  incipient  chorion  presents  a  layer  of  cells, 
and  soon  after  assumes  a  Hbroua  structure.  In  this  condi-  utenne  nairi- 
Fir,.  ssT.  tion  the  ovum  makes  its  appearance  in  ^'**''- 

the  uterus,  on  the  interior  of  the  surface  of  which  the 
mouths  of  a  great  number  of  follicles  open.  These 
follicles  are  not  unlike  those  which  the  Btomaeh 
presents.  Their  general  appearance  is  illustrated  by 
I^ig.  257;  d,  ccecal  terminations  of  glands;  c,  their 
tubes  ;  a,  mouths  on  interior  of  uterua.  The  con- 
stitutional disturbance  which  is  at  tliia  time  taking 
place,  enhanced  by  the  presence  of  tlie  ovnm  in  the 
organ,  at  once  increases  its  vascularity  :  the  follicles 
become  larger,  cells  arc  abundantly  developed  in 
them,  and  the  uterine  cavity-  is  filled  witli  a  liquid 
containing  many  nucleated  cells.  Thia  plastic  semi- 
riuid  material  receives  the  fringes  of  the  villous  coat 
of  the  chorion,  whicli  are  now  being  developed ;  and 
these  even  find  their  way  into  ilio  mouths  of  the 
glandular  tubes :  from  tliis  csiidatton  or  secretion 
utorina  tubu.  the  mcmbrana  decidua  fonns,  though  by  some  it  is 
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Fomiaiionof  represented  as  being  a  metatnorphosis  of  the  mucous  mem- 
tnembrana  t(c-  brane  itself.  Meantime  the  ovum  ia  itself  coated  over  with  a 
cortespOTiding  meinbmne,  designated  membrana  reflexa,  be- 
cause it  was  believed  hy  Mr.  Hunter  to  originate  in  the  circumstance 
that,  when  the  ovum  reached  the  uterine  m'onth  of  the  Fallopian  tube,  it 
there  encountered  the  proper  merabrana  decidua,  and,  not  perforating  it, 
but  bearing  it  onward,  gathered  a  fold,  covering,  or  envelope,  which, 
from  its  having  thqa  been  tbrmed  by  a  reflexion,  was  appropriately  des- 
ignated by  the  term  speciried.  It  is,  however,  now  admitted  that  this 
description  of  the  formation  of  the  membrana  reflexa  is  erroneous,  for  in 
reality  the  ovum  is  at  no  time  on  the  outside  of  the  mucous  raembranej 
which  is  continuoua  from  the  cavity  of  the  uterua  through  the  Fallopfan 
tube.  The  following,  therefore,  seems  to  be  the  more  correct  description. 
The  presence  of  the  ovum  g^vea  rise  to  an  iucrcaBcd  development  of  cells, 
which  rapidly  spread  around  it,  and  coat  it  all  over,  their  points  of  origin 
being  those  portions  of  the  uterine  mucous  membrane  with  which  the 
ovum  is  in  contact.  In  this  way  it  receives  its  deciduous  envelope, 
which,  participating  dnly  in  its  growth,  is  at  the  end  of  the  third  month 
in  contact  with  the  uterine  decidua  all  over. 

At  the  stage  we  rtre  now  considering,  the  nutrition  of  the  embryo  is 
conducted  in  a  special  but  very  temporary  way.  Tlie  yolk  of  the  ovutfl 
hae  no  stock  of  food  to  maintain  the  nutritive  processes  beyond  the  brief 
apace  wliich  transpires  in  the  passage  through  thtJ  Fallopian  tube.  The 
duty  of  nutrition  is  at  tijia  moment  assumed  by  the  villouB  coat  of  the 
chorion,  which  absorbs  fluid  exuding  from  the  uterine  decidua  very 
mucli  after  the  manner  of  the  spongiolcs  of  a  plant ;  hut  almost  imme- 
diat"?ly  the  necessity  arisea  of  diverting  more  directly  the  albumenoid 
material  to  the  quickly-growing  embryo  from  the  yolk-bag,  to  which  it 
would  have  gone,  and  tliig  new  destination  implies  t]ie  introduction  of 
new  channels  of  transport,  wliich,  under  the  form  of  a  vascular  appara- 
tus, are  now  provided. 

About  the  close  of  the  second  month,  a  proper  vascidar  apparatuB  for 
the  combined  purposes  of  nutrition,  secretion,  and  respiration 
makes  its  appearance :  it  is  the  placenta.  Its  origin  is  in 
the  little  blood-tubes  which  form  in  the  tufts  of  the  chorion,  in  man  at 
one  point,  in  ruminants  simultaneously  at  several^  giving  rise  in  the  for- 
mer case  to  one  organ,  the  placenta,  as  has  been  said,  in  the  other  to 
many  such,  or,  at  all  events,  to  one  of  a  composite  structure,  the  cotyle- 
dons. Tiie  foetal  vessels  thus  arising  in  the  villi  of  the  cliorion  become 
intermingled  with  vessels  contemporaneously  arising  from  the  uterus ; 
and  though,  in  some  cases,  this  intermingling  is  less  complicated,  so  that 
the  maternal  and  ftctal  portions  arc  separable,  in  man  the  internetting  ia 
complete,  the  principle  being  to  bring  the  foetal  vascidar  tufts  in  such  a 
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relation  with  the  mafcmal  blood-sinuses,  b^  the  tufts  dipping  FunctioiiBor , 
down  or  being  eiivelo|ied  therein,  tliat  the  compietest  con-  ^^^  pUvonm. 
tact  and  tacxHty  of  exchange,  but  not  of  intermUtiiret  may  be  insured. 
Things  are  arranged  in  such  a  way  that  the  matGmat  and  ftfital  blood  do 
not  inteniiingle,  each  being  confined  in  vessels  of  ita  own,  tEirougli  tlie  tliin 
walls  of  which  nutritious  matter  may  pass  and  excreraentitioua  matter  re- 
pass. Every  fcetal  tuft  baa  a  deciduous  layer  upon  it,  and  the  blood 
brought  by  the  curling  arteries  of  the  uterus  fumiahea  to  the  foetus  its  ox- 
ygen, and  receives  back  Carbonic  acid,  with  other  excrementitious  matters. 
fn  this  respect,  respiration  is  carried  on  by  the  aid  of  a  mechanism  which 
answers  to  the  gills  of  fishesT  the  nmtemail  arterial  btood  sttiuding  for  the 
aerated  water;  but,  besides  this,  the  tufts  have  another  duty  to  dis- 
charge— the  obtaining  of  albumenoid  material  from  the  maternal  blood. 
The  placental  mechanism  is  therefore  .much  more  perfect  in  ita  action 
than  the  tuft  mechanism  which  preceded  it. 

The  germinal  membrane,  formed  aa  has  been  described,  already  ex- 
hibits at  one  spot  an  opaque  area  of  a  roundish  shape,  con-  chanjje  in  t&e 
Pi„  oBfl.  sialing  of  cells  and  granules.     To  eerrnHiaimem- 

,  .        ,        -     .  ■  ,1  ■      1    brane,  and  pro- 

ting  the  designation  of  germinal  dm-uon  of  Uy- 

area  is  given.  At  this  area  the  '^"■ 
membrane  next  becomes  divisible  into  two 
lamina?,  and  eventually  throughout  ita  whole 
extent,  as  seen  in  /Vg-.  238.  Of  these  lam- 
ina', the  exterior,  which  iis  nearer  to  the  zona 
pellucida*  is  the  serous  layer.  It  ia  the  raised 
membrane  of  the  figure,  and  in  it  are  to  bo 
developed  the  nervous  and  muscular  systems 
of  the  embryo.  The  interior  ia  designated  the  mucous  layer,  and  from 
Fh.  J«i.  t]iis  ariae  the  digestive  organs. 

The  germinal  area  by  dogreea 
loses  its  circular  form  and  becomes 
oval,  its  centra]  portions  clearing 
off  and  giving  rise  to  the  area  pel- 
lucida.  jVround  this  the  opacity 
is  increased,  and  in  it  blood-ves- 
sels appeal"  hence  to  this  dark  cir- 
cle the  designation  of  area  vascu- 
lo.'*a  ia  applied.  In  the  pellucid 
zone  is  next  seen  a  delicate  line, 
the  primitive  groove,  Th.  primkivc 

J^/ff.   259.       It  occurs    rtoovp  and 

in    the    serous    layer  <*^^"''  '*'""■»■ 
TheprimiMTegTCiive.  miBcifledadiijnMeni,        ouly,  IS  ividcr  at  oHc  end  than  at 
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^3.  aim. 


UnKlD  of  tbij  tmlji  upon  t^p  RpLnal  curd^  inngnlficcl  it 
dLnmeterB, 


the  other^  the  wider  part  being  dealined  for  tlie  licad  of  the  iembryo. 
On  each  side  of  the  primitive  groove  two  oval  areas  of  cells  emerge : 
ihey  are  the  dorsal  lamina?.  They  rise  up  to  cover  in  the  primitive 
groove,  80  as  to  convert  it  into  a  tube,  with  three  bead-like  swellings  a,l 
it3  wider  end,  the  elements  of  the  prosencephalon,  mesencephalon,  and 

epencephalon,  -^Vj?.  260.  The  ex- 
planation of  this  and  the  preced- 
ing figure  have  already  been  given 
on  p.  293.  On  the  internal  part 
of  the  lamina  nervous  matter  be- 
gins to  fomi,  the  radiment  of  the 
cerebro-spinal  a^is.  In  the  bot- 
tom of  the  groove  is  the  trace, 
chorda  dotsalia.  The  groove  it- 
self, converted  into  a  tube,  con- 
stitutes the  central  canal  of  that 
axis,  its  completion  into  the  tu- 
bular shape  Occurring  first  in  the 
middle,  and  then  up  and  down. 
Tlie  form  of  the  lateral  luaaaes  va- 
ries aa  development  goes  on. 
A  line  of  cells  running  lengthwise  in  tJie  primitive  groove  is  the  origin 
ciioT'j3tii>r?a-  of  the  chorda  dorsaUs,  on  which  the  rudiments  of  the  vcrte- 
a'nd'^-ftaeulTr  ^^^^  column  appear.  In  the  amphioxus  and  myxenoid  fishea 
aystem.  development  in  this  direction  stops  at  this  point,  the  chorda 

dorsalia  being  the  permanent  structure.  The  vertebra:  now  emerge  un- 
der the  aspect  of  square  platca^  and  the  dorsal  laminie,  prolonging  them- 
selves outwai'd  and  downward,  as  it  were^  by  an  offshoot,  produce  the 
ventral  laiuinfe,  which  close  in  the  abdominal  walls,  and  so  form  the 
boundaries  of  the  trunk.  Simultaneously  a  new  layer  of  cells  arises  be^ 
tween  the  serous  and  mucous  layer  of  tiie  germinal  membrane,  at  the  area 
vasculosa,  and  in  this  intercalated  lamina  the  vascular  system  forms  and 
blood  corpuscles  appear,  capillary  vessels  arising  from  the  coalescence  of 
nucleated  cellar  the  touching  ends  of  which  become  pervious*  As  the 
process  goes  forward,  a  network  of  such  vessels  is  constructed,  and  it  is 
lo  he  particularly  remarked  that  this  takes  place  and  that  the  blood  is  in 
circulation  prior  to  the  existence  of  the  licart.  ^Around  the  extending 
blood-vessels  or  vascular  area  runs  a  circular  capillary  called  the  terminal 
sinus  in  the  first  stage  of  the  process,  but  this  disap[>ear3  aa  (he  vessels 
L-xtend  all  over  the  germinal  membrane.  The  extension  of  these  vessels 
is  in  part  accomplished  by  the  cells  from  whicJi  thry  Iiave  arisen  elon- 
gating themselves  into  proceaacj. 

J^i^.  261,  first  appearance  of  blood-vessels  in  vascular  layer  of  germ- 
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Fi".  vfli  inal  incmtraiie  of  a  fowl  at  thirtj-sisth  Lour  of  in- 

cubation.    (Wiigner. ) 

The  formation  of  vesaela  from  the  coalescence" 
of  nucleated  cells,  the  touching  ends  becoming 
pervious  or  elongating,  is  continued  to  a  much 
later  period  of  development,  as  ia  demonstrated  by 
J^if/.  262. 
Capillary  lymphatic  from  the  tail  of  the  tadpole :  a,  membrane ;  I, 
Fi'  in\  processes  formed  by  it ;    c,  re- 

mains of  the  contents  of  the 
cells  forming  these  ves3el9>  in 
which  nuclei  are  concealed ;  e, 
coecal  terminations  of  tlie  "ves- 
eels  ;  J",  one  of  these  termina- 
tions still  recognizable  a3  a  form- 
ative cell ;  ff,  isolated  formative 
cells  about  to  joiu  with  actual 
vessels,  magnified  350  diame- 
ters.    (Kollikcr.) 

It  is  at  this  time  that  nutri- 
tion by  cells  ceases,  and  vascu- 
lar nutrition  commences,  as  pre- 
viously described.  The  embryo 
has  now  become  too  large  for 
promiscuous  cell  nutrition  to  an- 
swer; moreover,  development  ifi 
fctjuired  to  take  place  at  difl'cr- 
«„j  ,.  ^  .  ,.,  ^ .  ..  ,.,  ™  ^Rrt  ^  -^  ent  rates  at  isolated  and  special 
'*'™"'"''^  points.      The  formation  of  the 

anmion  coincides  with  tiiese  events. 

The  heart  appears  first  as  a  canal  or  tube,  arising  in  the  vaacular 
layer  from  a  t^lumnar  nia^s  of  cells,  of  which  the  inner  ones  DpvclopniciH^ 
have  deliquesced  to  form  a  tube.     This  then  becomes  tri-  ^if  "ip ''fan. 
chambered,  containing  an  auricle,  a  ventricle,  and  the  bulbus  arterioatis, 
P^  j^  J^lg.  2tvi,  of  wliicli  a  description  is 

given  on  p.  130.  Subsequently  the 
auricle  and  ventricle  are  each  divi- 
ded by  septa,  that  in  tJic  ventricle 
Iteing  commenced  about  the  fourth, 
and  finished  about  the  eighth  week. 
The  auricular  septum  is  not  coniplctctl  until  after  birth. 

Fifj.  204,  page  530,  shows  the  iiumnn  heart  at  about  the  fifth  week  : 
A.  the  heart  opened  on  the  abdominal  aaj>ect;  1,  the  bulbua  arteriosus; 
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^-  2«  2,  2i  two  aortic  arches,  uniting  posteriorly 

to  form  the  aorta ;  3,  the  auricle ;  4,  tlie 
opening  trom  tlie  auricle  into  the  ventricle^ 
6,  which  is  laid  open ;  5,  the  septum  rising 
from  the  lowest  part  of  the  cavity  of  the  ven- 
tricle ;  7,  the  vena  cava  inferior  :  JJ»  view 
from  behind  ;  1,  the  trachea ;  2,  the  lunga  ; 
3,  the  ventricle ;  4,  5,  the  large  atrium  cor- 
dis, or  auricle ;  6,  the  diaphragm  ;  7,  the 
aorta. deBcendens ;  S,  the  pneumogaHtric;  0,  ita  branches;  10,  its  continu- 
ation.    (Von  Biir.) 

Aa  soon  aa  the  capillary  &yBteni  is  fairly  established,  the  change  in 
the  diameter  of  the  function  of  nutrition  alluded  to  is  accoinpliehed,  and 
in  those  amimals  which  depend  for  their  development  on  a  food  yolk,  it 
is  eventually  entirely  covered  with  ram i(i cations  of  these  vessels.  The 
blood-cella  of  the  first  order  or  scries  are  evolved  from  the  nuclei  of  the 
cells  which  coalesced  for  the  formation  of  blood-vessels* 

The  development  of  the  embryo  Btill  continuing^  it  assumes  a  form 
ElaTttion  of  which  has  been  aptly  described  as  resembhng  that  of  a  boat 
ttaemhrj-o.  pjacgj  upsidft  down,  the  bottom  of  the  boat  rising  higher  and 
liigher  above  the  surface  of  the  germinal  membrane,  and  lifting  with  it 
that  portion  of  the  niembraue  to  which  it  is  attached.  The  two  ends  of 
the  boat-ahaped  body  bend  under  toward  one  another;  the  larger  of  the 
two  ia  destined  to  become  the  head  of  the  embryo.  As  this  elevation 
takes  place,  the  embryo  becomes  separated  by  a  constricted  space  from 
rhe  surrounding  germinal  membrane,  its  abdominal  parietes  being  still 
open  and  in  contact  with  the  yolk.  From  the  layer  which  thus  lines 
the  interior  of  the  cavity  of  the  embryo^  the  intestinal  canal  arises  as  a 
tube  from  the  coalescence  of  a  pair  of  lateral  ridges,  and  the  surrounding 
and  exterior  portions  of  the  germinal  membrane,  elevating  themselves 
above  the  constricted  space,  coalesce  over  the  back  of  the  embryo,  and 
thus  inclose  it  in  a  sac.  This  sac  constitutes  the  amnion, 
and  in  this  manner,  by  folding,  the  interior  of  the  germinal 
membrane  is  used  aa  a  digestive  surface,  the  outer  as  one  for  accretion. 
The  umbilical  cord  obtains  a  slieatli  from  the  amnion^  which  at  one  end 
is  continuona  with  the  skin  of  the  f<etus,  and  the  other  ia  reflected  over 
the  Burtace  of  the  placenta.  Tbc  amnion  tJiereforc  constitutes  a.  closed 
sac,  which  contains  a  iluid,  the  liquor  amnii. 

The  place  at  which  the  genninal  nicmbraiie  is  constricted,  so  aa  to  be 
Eible  to  act  as  a  digestive  surface  to  the  embryo,  though  linear  at  first,  is 
^Tadually  narrowed  down,  and  constitutes  the  umbilicus.  Tliia  con- 
stricted part  ia  now  the  omphalo-mesenteric  duct,  which  of  course  com.- 
muniealcs  with  the  cavity  of  the  yolk-sac,  which,  at  this  isf  age  of  devel- 
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opment  in  mammalia,  is  the  umbilical  vcsicJe,  In  birds,  the  yolk-sac  ia 
carried  cotnpktciy  into  the  abdomen  through  the  umbilical  opening;  in 
maininala  it  remainis  exterior.  It  does  not  appear  that  the  contents  of 
the  yolk  are  directly  absorbed,  from  the  cavity  of  the  sac,  but  they  are 
carried  by  the  ramifying  vessels  to  the  liver.  These  vessels  are  there- 
tore  counterparts  of  the  mesenterict  Eventnally  folds  arise  on  the  lin- 
ing membrane  of  the  yolk-.sac  over  which  these  vessels  pass,  and  which 
facilitate  absorption.  In  fish,  at  this  stage,  the  yolk-bag  hangs  down, 
and  respiration  takes  place  upon  its  surface. 

From  the  caudal  extremity  of  the  embryo  the  allantola  emerges  aa  a 
tdasS'  of  cells,  of  which  the  interior  liquefy,  and  the  exterior 
then  couatitute  a  sac.  in  birds  and  m  rcptuea  it  reaches 
considerable  development ;  in  the  former  extending  entirely  over  the 
yolk-sac,  but  in  mammals  it  is  soon  replaced  and  shrivels  up.  It  dis- 
charges the  function  of  a  urinary  bladder,  and,  indeed,  a  portion  of  it 
continues  to  do  so  in  man.  Its  disappearance  is  tlie  signal  that  the  em- 
bryo is  now  depending  on  the  placenta. 

To  return  now  to  the  development  of  the  circulat&ry  system.  At 
about  the  end  of  the  eighth  week,  as  we  have  seen,  the  ven-  Derpiopincnt 
tricle  is  divided  by  a  septum,  the  division  of  the  auricJe  not  «( ihe  circul*- 
Occurring  till  a  little  after,  and  even  then  not  being  perfect, 
an  aperture,  the  foramen  ovale,  existing.  This  is  the  state  of  things  at 
about  the  twelfth  week :  of  tlie  five  brancbia]  arches  two  disappear, 
the  aortic  bulb  then  divides  into  two  tubes,  which  arc  to  be  the  aorta 
and  pulmonary  artery  respectively.  Nest,  one  of  the  branchial  archea 
tbrms  tlic  subclavian  and  carotid  arteries.  Of  the  middle  pair,  tlie  right 
is  obliteniited,  but  tlie  left  remains  to  constitute  the  arch  of  the  aorta. 
Of  the  lowest  pair,  the  riglit  forms  the  right  and  left  pulmonary  arteries, 
and  the  left  constitutes  the  ductus  arteriosus. 

The  blood-system  having  reached  its  fiill  development,  the  foetal  circu- 
lation may  be  described  aa  follows:  From  the  placenta  ox-  Tlie  fo^ul  cir- 
idized  blood  is  brought  through  the  umbilical  vein,  a  part  ^uiation. 
passing  into  the  ascending  cava  through  the  ductus  venosus*  and  the  rest 
into  the  liver  through  tJie  vena  porta;,  from  which,  by  the  hepatic  vein, 
it  also  reaches  the  ascending  cava.  In  its  passage  to  the  heart  it  be- 
comes adulterated  with  blood  derived  from  the  trunk  and  lower  extrem- 
ities. It  next  gains  into  the  right  auricle,  and,  to  some  extent,  is  kept 
from  contamination  with  the  venous  blood  coming  through  the  descend- 
ing cava  by  means  of  tlic  Euatachinn  valve,  which  directs  the  arteri- 
idized  blood  through  the  foramen  ovale  into  the  left  auricle,  from  wliich 
it  gaini  the  left  ventricle,  and  also  directs  the  venous  blood  of  the  dfi- 
scending  cava  into  the  right  venlricle.  The  blood  wbicli  is  in  the  left 
ventricle  ia  driven  therefrom  into  the  a&cending  aoita,  and  supplies  the 
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head ;  but  the  venous  blood  whicli  is  in  tlie  right  Tentriclc  is  driven 
therefrom  tlirough  the  pulmonary  arteiy  and  ductus  arteriosus  into  the 
descending  aorta,  and^  mingling  with  the  arterial  blood  therein,  passes 
to  the  trunk  and  legs.  Oi'  this  blood  a  portion  is  then  carried  to  the 
placenta  to  be  arterialized. 

At  the  moment  of  birth  a  change  takes  place  in  the  manner  of  the  cir- 
culalion,  which  is  now  arranged  upon  the  type  deacribed  at  page  134. 
This  is  accompiialied  as  described  at  page  148, 

From  the  description  whicli  haa  thus  been,  given,  it  may  be  gathered 
Three  (ypea  of  ^hat,  up  to  the  period  of  birth,  three  distinct  types  of  nulri- 
nntritioH.  fi^n  have  been  followed.  They  may,  with  aufEcient  accura- 
cy, be  designated,  1st.  Yolk  nutrition ;  2d.  Tuft  nutrition ;  3d,  Placental 
nutrition.  To  these  may  be  added  the  two  followed  at  a  later  period: 
4th.  Lactation,  and,  after  the  dental  mechanism  is  supplied,  5th.  The  diet 
of  mature  life, 

Reapccting  the  development  of  Bpccial  organs,  it  may  he  remarked  that 
The  vertebral  0*  those  which  are  permanent,  tlic  vertebral  column  is  one  of 
coiunin.  the  first  to  appear ;  it  shows  itself  under  the  form  of  isolated 

qnadrangular  elements.  The  gelatinous  cellular  structure,  chorda  dorsa- 
lis,  acquires  a  sheatii,  which  assumes  a  fibrous  structure,  and  from  this, 
in  tlic  lower  vertebrates,  the  vertebne  arc  evolved.  In  man,  the  ele- 
mentary quadrangiUar  plates  arc  considered  to  have  an  independent  ori- 
gin. As  they  increase  in  number  and  size  they  surround  the  chord&, 
and  projections  springing  from  their  superior  surface  form  arches  to  en- 
velop the  spinal  cord.  Each  vertebra,  therefore,  is  constructed  by  the 
union  of  tn-o  pieces,  one  on  either  side.  These  first  assume  the  condi- 
tion of  cartilage,  and,  later,  tiie  body  and  arches  ossify  from  separate 
points.  The  chorda  dorsalis,  which  has,  during  this  development,  been 
gradually  evolved  in  the  bodies  of  the  vertebne,  disappears. 

Tiie  bones  of  the  skull  ore  metamorphosetl  vertebra?,  of  which,  accord- 
ing to  Professor  Owen,  four  appear  to  have  undergone  change.  To  these 
the  auditory,  guslative,  optic,  and  olfactory  nerves  are  respectively  re- 
lated, in  the  same  manner  that  the  spinal  nerves  are  to  their  vertebral. 

In  tije  dcacriptions  given  in  the  preceding  part  of  this  work,  incident- 
Devplopmcni  al  allusion  to  s,  Sufficient  extent  haa  been  made  to  the  derel- 
ruBoforraak  t>P'ii*^tit  of  mo3t  of  the  apparatus  of  organic  and  also  animal 
life.  life.     It  may  therefore  here  be  briefly  stated  that  the  ali- 

mentajy  canal  originates  in  the  pinching  off  of  a  part  of  f  lie  blaatodennic 
vesicle  below  the  spinal  column.  At  first  it  is  a  straight  tube,  whicli 
communicates  about  its  middle  with  that  vesicle,  but  after  a  time  sIioh's 
its  eventual  division  into  a_'sopliagus,  stomach,  large  and  small  intestines, 
assuming  an  oblique  position  on  the  part  to  be  occupied  by  the  stomach, 
and  then  cun-ing  in  the  region  of  the  intestine.     From  a  part  of  this  tube 
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(he  liver  emerges  as  a  thickened  deposit  of  cells,  mto  which  the  -wall  of 
the  intestine  Lulgca  so  as  to  fomi  a  kliul  of  sac,  and  from  this  rudiment 
a  ramified  structure  ariaea,  which  at  last  recedcis  from  its  place  of  origin, 
jind  is  coiinectE^d  with  the  intestine  hy  the  hepatic  duet.  The  commence- 
ment of  this  structure  is  about  the  third  week,  but  it  proceeds  with  »o 
much  rapidity  that  in  tlie  third  month  it  nearly  fills  the  abdominal  cav- 
ity. The  functions  of  the  liver  at  this  jxsriod  have  already  been  pointed 
oat,  the  meconium  it  sccretas  being  modified  bile  (page  202).  In  like 
manner,  from  the  digestive  tract,  the  pancreas  and  salivary  glands  orig- 
inate from  masses  of  cells,  durta  Ijeing  formed  by  deliquescence  of  por- 
tions wilhin.  From  the  alimentary  canal,  also  by  budding  and  deliques- 
cence, the  lungs  arise,  their  cavity  communicating  at  first  bj*  several  apeiv 
turca  with  the  pharv'ux.  T!u.s  occurs  ahout  the  sixth  week.  These  organs 
are  gradually  removed  from  the  place  of  originj  as  in  the  case  of  the  liver. 

The  Wolffian  bodies  are  temporary  urinary  organs,  which  precede  the 
kidneys  and  eventually  disappear.  They  are  of  an  ovoid  The  Woifflan 
shape,  and  consist  oi'  a  duct  from  which  transverse  canals  ^txlics. 
branch  fortSi,  the  duct  discharging  into  the  sinus  urogenitalia.  They 
originate  about  the  end  of  the  first  month,  and  commence  to  dpn;enerate 
in  the  third.  In  fishes  they  remain  as  the  pennanent  urintiry  apparatus. 
The  testes  or  ovaries  arise  from  the  inner  margin  of  (he  Wolffian  body, 
the  former  being  guided  into  the  scrotum  by  the  gnbernaculum.  This 
descent  coniraencca  between  the  fourth  and  fifth  montli,  and  is  completed 
at  birth  or  shortly  after. 

Among  the  indications  that  conception  has  occurred  are  usually  enu- 
merated, stoppage  of  the  menses,  the  placental  murmur,  the  inrticatioTw  qf 
development  of  tlie  mammary  glands  its  sense  of  pain  or  ten-  c^ctj^Lion. 
derness,  the  color  of  the  areola,  the  tnrgescence  of  the  areola  and  nipple, 
irritability  of  the  stomach-  Quickening,  as  it  is  termed,  usually  occurs 
about  the  eighteenth  week,  and  parturition  in  the  fortieth,  or  at  tlie  close 
of  280  days.  With  respect  to  this,  it  is  admitted  that  the  term  may  be 
possibly  prolonged,  in  very  rare  cases,  by  40  days.  The  French  laws  le- 
gitimatize a  child  born  within  HOO  days  ;  and  that  such  variations  of  the 
proper  term  may  occur  is  proved  by  observations  made  upon  domestic 
animals,  in  which  the  duration  of  pregnancy  can  be  ascertain-  Perioci  at  get- 
ed  with  precision.  In  the  cow,  which  has  the  same  period  of  "'■'**''■ 
gestation  as  the  human  temale,  the  shortest  period  hitherto  observed  is 
213  days,  the  longest  .^36.  The  shortest  period  at  which  human  par- 
turition can  occur,  consistent  witli  the  viability  of  the  child,  appears  to 
be  about  23  weeks. 

The  act  of  parturition  in  its  first  stage  is  to  be  referred  to  a  contrac- 
tion of  the  muscular  fibres  of  the  fundus  and  body  of  the  MeLhanism  of 
uterus  with  a  synchronous  relaxation  of  tlioae  of  the  cervix,  pwiuriiion. 
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At  a  later  period  tlie  contraclion  of  the  expiratory  musdea  asHists,  After 
birth  is  accomplished,  the  mouths  of  the  uterine  vessels  are  closed  througli 
the  contraction  of  the  organ,  the  lochial  discharge  carrying  with  it  any 
disintegrated  residues  of  the  deciduous  membrane,  and  also  large  quanti- 
ties of  fat,  derived  probably  &om  the  degeneration  of  the  uterine  struc- 
ture  itself. 

That  both  parents  are  concerned  in  imparting  characteristics  to  the 
Influence  of  cHU  there  can  be  no  doubt :  it  ia  fully  established  where  they 
faotti porento.  qj^  of  ditFcrsnt  races,  as  white  and  black,  or-white  and  red; 
and  equally  in  the  case  of  animals,  as  in  mulea,  produced  by  the  mix- 
ture of  different  kinds.  It  ia  scarcely  necessary  to  remark  that  this  ex- 
tends to  the  communication  of  more  refined  peculiaritica,  the  resemblance 
of  countenance,  ligurc,  gesture,  and  even  menial  qualities,  family  like- 
nesses which  we  daily  observe.  Thcae  imprcssiona  are  of  a  much  more 
profound  character  than  might  at  IJrat  be  supposed, 'as  is  proved  by  the 
fact  that  the  third  generation  will  exhibit  peculiarities  belonging  to  its 
progenitors,  though  those  peculiarities  have  not  occurred  in  the  second- 
Even  after  parturitio]!  ia  over  there  still  remains  imprc^^sed  H|)on  tlie  fe- 
male a  dctinite  chaJige:  tlurf  ia  illustrated  by  tlie  well-known  case  of  a 
mare  which  had  borne  a  colt  by  a  quagga,  her  subsequent  colts  by  horses 
being  distinctly  marked  like  the  tirst ;  and  in  the  human  female  cases 
are  of  common  occurrence  in  which  the  offspring  of  a  widow,  who  has 
been  man-ied  a  second  time,  resemble  her  first  husband.  Marriage  pro- 
duces in  this  respect  a  permanent  change  m  the  f^jmalc,  a  constitutional 
impression  not  disappearing  in  any  length  of  time,  the  influence  of  the 
lirat  husband  reappearing  in  tlic  cliildrcn  of  a  subsequent  contract. 

Sd.  aFJtltAtlon. 

The  ascending  axis  of  a  plant  ia  terminated  by  a  differentiating  part, 
GmmmatioTi  of  surrounded  by  protecting  structures.     From  this,  as  growth 
pUnisaadabi-  takes  plflcc,  kavea  or  tbeir  modificalions  are  produced*    This 
"■  differentiating  part  is  a  bud.     In  Uke  manner  may  be  found 

in  the  axils  of  leavea  similar  buds,  which  pass  by  development  into 
branches,  but  sooner  or  later  the  terminal  buds  are  checked  in  their  lon- 
gitudinal increase,  and  the  parts  to  which  they  would  have  given  origin 
Fill.  9*0.  spirally  being  compressed  into  circles,  a  flower  arisea, 

and  further  development  ceases,  the  reproductive  phase 
being  now  assumed. 

Among  the  lower  animals  propagation  by  buda  is 

also  observed.     Thus  the  hydra  exhibits  this  manner 

of  increase,  as  seen  in  J^'i^.  2G5 ;  and  even  upon  the 

buds  thus  produced,  other  buds,  of  a  second  order  or 

Hrtai  iiuddiBs.        generation,  are  found. 
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Propagation  llirough  the  agency  of  l>iuls  is  termed  gciti tuition.  It 
may  bo  accomplished  either  by  the  natural  or  artiticiol  Gcparation  of  the 
buds  from  the  pEO'cnt  stock.  Thus,  ia  the  hydrOr  tliG  buda  may  spon- 
taneously l>e  separated  from  the  parent,  and  thereby  give  rise  to  free  in- 
dividuals^ or  they  may  ije  purposely  cut  ofll'  with  the  same  result.  lu 
the  case  of  plants*  artificial  separation  is  constantly  resorted  to,  as  in  the 
various  methods  of  budding  and  grafting  employed  by  horticulturists  for 
obtaiiiinE^  the  finer  varieties  of  Bowers  or  fruits.  It  consists  jioihwisor 
essentially  in  placing  a  hud  of  tho  plant  which  it  ia  desired  to  ^''af'^nS' 
propagate  upon  a  stock  of  a  difterent  kind*  m  sucii  a  way  that,  as  devel- 
opment of  the  bud  or  scion  takes  place,  union  or  incorporalion  witli  the 
stoefc  shall  occur.  There  are  many  difierent  ways  in  which  grafting  may  * 
be  ]>crformed ;  they  all  depend  for  their  snccess,  however,  upon  causing 
the  alburnum  of  the  acion  to  coincide  ^vith  that  of  the  stock,  bo  that  the 
vessels  of  the  fonnei  may  receive  the  sap  arising  from  those  of  the  latter. 
When  the  parts  are  thus  adjusted,  they  are  to  be  retained  in  their  posi- 
tion by  bandages  or  other  suitable  nienns,  and  protected  from  the  air  and 
rain  by  means  of  clay  oi^  wax.  Tiic  most  suitable  time  for  tliis  opera- 
tion is  in  the  spring,  just  previous  to  the  rising  of  the  sap. 

There  are  certain  limits  within  which  the  operation  of  grafting  must 
be  2>ci*formed.     The  wtock  and  the  scion  must  be  nearly  re-  r.imiw  of  gem- 
lated  to  each  other.     If  species  of  ditierent  natural  orders  be  "'^^''"■ 
grafted  they  will  not  takc>  but  the  species  of  the  same  genus  may. 

If  in  this  manner  we  take  a  bud,  and  graft  it  on  a  stoek  of  an  allied 
kind,  it  will  continue  to  grow  and  develop  in  the  same  man-  jj^^^^  ^f 
ner  that  it  might  have  done  without  detachment  from  the  propacBtion 
parent  plant,  and  in  the  same  manner  from  the  new  plant  that  ^  ey'^^^^o'^- 
has  thus  arisen,  by  a  repetition  of  the  process,  plant  after  plant,  for  many 
generationsj  can  be  secured.  Experience  has  tauglit  us  that,  whatever 
might  have  been  the  peculiarities  of  the  original  from  which  the  first  bud 
was  taken,  those  peculiarities,  whether  of  odor,  taste,  color,  or  shape,  will 
reappear  in  the  product ;  but  experience  has  also  taught  us  that  there  ia 
a  limit  beyond  which  these  repetitions  can  not  be  conducted.  The  val- 
ued fruits  and  flowers  of  the  old  times  have  thus  disappeared.  Propaga- 
tion by  gemmation  is  therefore  considered  as  tending  to  exhaust  the  orig- 
inal plastic  power.  But  it  is  to  be  remarked  that,  if  from  these  artificial 
growths  Seeds  Ixi  taken  and  caused  to  germinate,  the  plants  so  arising  no 
longer  present  the  aijcciab  and,  perhaps,  vahied  peculiarityj  but  in  many 
instances  run  back  at  once  to  the  original  and  wild  stock. 

We  are  apt  to  attach  to  propagation  by  gemmation  more  importance 
than  it  really  deserves  in  a  philosophical  point  of  Tiew  when  it  thus  ap- 
l^eara  to  have  given,  rise  to  new  and  successive  generations  of  individuals. 
But,  after  all,  wherein  does  it  dittfer  esseutially  trom  what  goes  on  natw- 
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ally  ?  The  manner  of  extension  of  any  given  plant  is  hy  bud  after  hud 
in  succession,  either  terminal  or  axillary  ;  but  this  extension  does  not  go 
on  indefinitely;  it  reaches  a  limit  both  as  re.specta  s'tze  and  duration. 
We  never  notice  in  the  development  of  a  bud  which  remaina  attached  to 
its  parent  stock  the  spontaneous  appearance  of  novel  qualities^  The 
Bowers  and  fruita  are  like  all  the  others  upon  the  same  plant.  If  sucli 
a  bud,  then,  removed  from  its  parent  iseat,  be  permitted,  under  favorable 
conditions,  to  grow  elsewiiere-rit  might  be  expected,  as  is  actually  the  case, 
that  it  would  go  on  in  its  development  without  exhibiting  any  alterations. 

Essentially  of  an  exhaufitiiig  nature,  reproduction  by  gemmation  is 
limited.  It  can  oiUy  be  repeated  a  definite  number  of  times.  At  the 
most,  all  that  we  do  in  this  artificial  process  is  to  obtain  a  part  of  an  old 
individual  under  a  new  and  isolated  form.  We  tlicreby  relieve  such 
new  growth  from  the  chance  of  those  accidents  wliicli  may  befall  the 
original  stock ;  but  both  for  the  one  and  for  the  other  tliere  ia  a  definite 
term  of  life.  Wlien  that  term  is  approached,  though  we  may  take  sci- 
ons or  buds,  and  treat  them  with  every  care  in  the  usual  operation  of 
grafting  or  budding,  tiie  ajjeration  will  fail. 

There  is  a  certain  analogy  between  tliis  incorporation  of  the  parts  of 
different  plants  and  tlie  so-called  grafting  or  Taliacotian  o]>erations  which 
are  soutetimes  performed  on  the  parts  of  animals^  as  the  transplantation 
of  the  spur  of  one  bird  on  the  top  of  the  comb  of  another,  or  many  of  thu 
plastic  operations  of  surgery ;  but  these  parts  do  not  ncceasarily  perish 
in  the  maimer  which  haa  been  indicated  by  Butler  in  liis  Hudibras. 

Propagation  by  gemmation  and  reproduction  by  generation  arc,  in 
many  instances  m  the  animal  scries,  resorted  to  alternately  tor  the  con- 
tinuation of  the  race.  Thus,  during  the  summer  season,  propagation  by 
gemmation  may  serve  to  increase  the  number  of  a  given  kind,  but  if  these 
should  be  unable  to  maintain  themselves  during  the  cold  of  winter,  the 
race  would  inevitably  become  extinct,  unless  rejjroduction  by  ova  were 
resorted  to;  for  tliough  the  developed  animal  may  not  be  able  to  with- 
InfltiEncc  of  stand  the  decline  of  temperature,  the  ova  may.  Tims,  in 
IrTntan-'ODs '*"  ^  hydra,  propagation  by  gemmation  continues  until  the  ex- 
gemmaiioo.  lernal  temperature  lowers  to  a  certain  degree^  and  that  at 
once  brtnge  on  a  reversion  to  the  other  process.  The  same  thing  has 
been  observed  in  the  case  of  tEie  aphia,  wliich  multiplies  by  gemmation 
until  there  ia  a  reduction  of  temperature,  and  then  it  multiplies  by  gener^ 
afion.  We  have  already  dwelt  at  length  on  the  control  wiiicli  external 
circumstances  have  over  development ;  it  is,  therefore,  no  more  than  might 
be  expected  that  they  should,  in  like  manner,  determine  the  processes  of 
propag:ation  and  reproduction. 

Gemmation  occurs  only  in  a  very  doubtful  way  and  under  special  cir- 
aumstaiices  among  the  more  advanced  members  of  the  animal  series.     In 


ALTERNATION   OP   GfiNEltATlONS.  637 

man,  there  \a  reason  to  suppose  that  gemmation  can  only  take  place  in 
the  earliest  pcrioda  of  existence,  perhaps  at  the  cpoth  of  the  tbmiation  of 
the  muJbeiTy  moss.  Upon  this  principle  an  explanation  of  tlie  occoiv 
reiice  of  double  monatera  has  been  given. 

3d.   AJ.TERyATlDN  OF  GESEIUTIO^S. 

It  Ims  been  abeady  explained  that  by  this  phrase  is  meant  that  ft  pa- 
rent plant  or  animal  will  give  origin  to  a  fomi  wholly  unlike  ^|,^rna^^,  ,pj„. 
itself,  and  this  form,  perhaps  after  the  lapse  of  years,  will  maii^n  ami 
give  ori^n  to  another  unlike  itself,  but  similar  to  the  original  ^'■""'^  '*^''- 
progenitor.  ThustUc  Salpiu  present  themselves  under  two  diftbrent  aa- 
pects,  the  solitary  and  the  aggregated,  the  latter  being  produced  from  the 
former  by  being  budded  oil"  iji  an  internal  stolon,  tSje  nidividualsi  lacing 
united  to  one  another  in  an  aggregation  or  chain  after  they  have  been 
separated  from  the  parent.  These  aggregated  salpa:  alone  have  sexual 
organs  and  produce  ova.  Prom  eaeh  ovum  a  eolhary  salpa  arises,  winch. 
re[>eats  the  process  descrilied  again.  The  solitary  salpa,  therefore,  niul- 
tipliea  by  gemmation,  the  aggregate  by  generation,  j^or  ia  thsa  procesa 
confined  to  animals;  it  ia  also  observed  in  the  case  of  plants.  Thus, 
in  ferns,  the  spore  produces  the  prothalUum,  wliieli  becomes  a  distinet  or- 
ganism, separated  from  its  parent,  and  cjUTying  on  its  nutritive  pvowssea 
independently  for  itself.  From  it  nrisea  by  generation  a  fern  like  the 
original,  which,  like  it,  by  gentmalion,  producca  prothallia,  but  never 
direelly  produces  a  fern.  Tiicreforc  between  cacJi  fern  and  its  deacend- 
ajit  aprothallium  interveneH,  the  prolhallium  arising  liy  gemmation  from 
the  iem,  and  a  fern  arising  by  generation  from  tlic  prothallium. 

^Vfter  a  careful  examination  of  Steenstrap'a  doctrine  of  alternations  of 
eeneration.  Dr.  Carpenter  concludes  that  it  can  not  be  re-  „  , 
ceivcd  in  the  form  origitjally  presented,  since  we  should  re^  of  nitemntiona 
gard  a  generatioji  as  embracing  the  cnliie  product  from  gen-  "  f?^""""'"^- 
erativc  act  to  aet.  Indeed,  the  intermediate  forma  are,  often  nothing 
more  than  sexual  organs,  furnished  or  not  with  an  apparatus  of  locomo- 
tion* or,  in  the  more  complicated  cases,  having  a  mechanism  of  nutrition 
attached  sufficient  for  their  purpose.  The  correctness  of  this  intcrpreta- 
tion  may  be  illustrated  by  such  cases  as  the  development  of  medusa  buds, 
wiiieh,  being  tirst  attached  to  the  parent,  gradnallly  exhibit  the  formation 
of  an  independent  digestive  apparatus,  and  when  this  ha.s  reached  a  cer- 
tain degree  of  perfection,  they  are  separated  and  swim  off,  generative  or- 
gan.s  then  arising  in  these  buds  by  which  true  ova  arc  formed.  In  the 
SentiJarida;  buds  are  developed  in  ovarian  capsules,  and  these  reproduce 
in  their  turn  ova  by  generation.  The  rate  at  which  gemmation  goes  on 
in  many  of  these  instances  ie  obviously  connected  with  physical  condi- 
tions, more  particidarly  the  degree  of  temperature  and  the  supply  of  food. 
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Tlie  fact  of  tlie  apparent  disstiniiarity  lictwoen  tJie  product  of  gemma- 
tion and  tlie  product  of  generation  ceaaefl  to  Lave  any  force  aa  soon  a% 
we  consider  tlie  former  in  ilic  attitude  wliidi  it  rcallj  ought  to  occupy, 
as  not  conglituting  a  distinct  individual,  but  merely  a  jtart,  a  derivative, 
or  an  upjjendix  of  the  product  of  generation ;  and  tliis  view  of  Dr.  Car- 
penter's seems,  therefore,  to  be  the  proper  interpretation  of  the  whole  case. 


CHj\PTER  v. 

THE  GnOWTII  OF  >LAN. 


Infaae^. —  Wtighl  and  Sise  of  the  Infant. —  Wtiifhi  and  Stse  at  nlmequent  I'rnads. — iJfTflap- 

ii'etil  uf  thff  Iuldkf.t. — Malttrili/  of  Man. —  Tttitkncif  to  Oiwie. — M<uima  of  J'hyjiical und  Jtiai- 

till  SirifHiih. 
Mfiita!  iind  I'h>isii:il  Derfim. — Mortafitif  at  different  Periods  t^  Life. —  Comparatlit  Strygtxtn., 

J-'iiniJiotui,  iind  Morlalilif  of  tlie  (ua  SfXfs. 
Arfijiriii/  Jijmc/ta  of  Li/'c. — (jradatd  Cliaagc  in  tiie  ifenlaHluaHlies. — Jntifpaniait  £jcitl<mee  ^ 

tlie  •'iaiiL 

In  the  last  cliapter  the  successive  stages  of  embryonic  development 
were  described.  It  was  slioivii  that  at  one  period  nutrition  is  solely  at 
the  expense  of  the  yolk  of  the  ovum,  wliich  is  appropriated  by  a  simple 
purfaue-imbibition  ;  and  that  this,  in  due  time,  is  succeeded  hj  what  hap 
been  designated  tuft  nutrition.  At  a  later  period,  this  mode,  in  its  turn, 
is  replaced  by  another,  dejiending  on  a  vascular  arrangement,  the  pla- 
Infancyof  ceuta.  For  a  considerable  period  after  birth  a  fourth  system  is 
'"""■  relied  on,  noirrislmient  by  milk  ;   and  it  is  on]y  by  degrees,  when 

the  necessary  changes  have  been  made  in  the  dige&five  mechanism,  the 
teeth  being  cut,  tliat  the  iinal  mode  of  nutrition  is  assumed-  Even  after 
this  tlic  human  infant  leads  a  dependent  life,  because  of  its  own  weak- 
ness and  inibecihty,  irrespectively  of  j^ny  [lecuHarities  of  our  social  state. 
So  tar,  thcretbre,  from  man  not  exhibilicjg  iJiose  metamorphoses  which 
lire  undergone  by  the  lower  niembcrs  of  the  animal  series,  he  of  all  dis- 
plays them  in  the  moat  marked  way^  for  they  do  not  cease  at  the  period 
of  birth,  but  reach  through  many  fjubseqnent  years — a  gradual  develop- 
ment of  the  body^  attended  by  a  gradual  change  in  the  manifestations  of 
the  mtEid. 

At  birth,  the  human  infant  is  the  very  representative  of  weakness  and 
imbecility.  Though,  unlike  many  other  mammals.  It  opens  its  pyca  at 
once,  it  exhibits  no  token  of  visual  perceptions;  though  it  may  Ix)  sub- 
jected to  sounds  or  noises  of  various  kinds,  it  takes  no  notice  whatever 
of  them-  Tiiia  condition  of  inertness  is  followed  by  a  condition  of  con- 
futed sensation,  which  by  degrees  ia  succeeded  by  a  capability  of  ap- 
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precialing  Gpecial  iJe.ts-  BuHbn  Iias  very  truly  smid  that  the  earliest 
]>eri<jd  of  conscious  existence  is  a  scene  of  pain,  the  life  of  the  iiitknt  l>e- 
ing  ilivided  between  sWp  and  crying;  from  ita  plumbers  it  is  awakened 
only  by  the  pains  of  hunger ;  nor  la  it  until  after  the  lapse  of  many  days, 
or  even,  weeks,  llmt  the  iirst  smile  ia  seen.  It  is  too  feeble  to  turn  from 
&ide  to  Bide,  but  remainB  in  the  position  in  which  it  was  placed.  Its 
skin,  which  at  birth  was  covered  over  with  a  wlutiali  incrustation,  the 
vennix  cascosa,  becomes  reddisliTthe  depth  of  this  tiat,  however,  shortly 
passing  away.  At  this  period,  moreover,  life  is  purely  vegetative,  the  in- 
fant feeding  and  sleeping.  The  biUarj'  matter,  meconium,  w^liich  had  ac- 
cumulated iu  its  intestine  during  f(etal  life,  is  discharged  in  the  course  of 
a  day  or  go  after  birth,  aTid  the  digestive  apparatus  enters  on  ita  functions 
with  activity. 

It  is  said  that  the  infant  smiles  soon  after  it  is  forty  days  old;  though 
it  can  cry  it  can  not  shed  tears,  Before  long  it  gives  indications  of  its 
aatisfactioiis  and  dislikes.  The  power  of  moving  in  an  erect  posture  is 
gained  by  it  in  the  course  of  a  year,  and  by  the  close  of  that  time  it  can 
inaslicate.  Of  il3  ttetli,  the  central  incisors  appear  about  the 
seventh  month,  those  of  ihc  lower  jaw  first ;  the  lateral  inrisora 
about  the  eight  or  tenth,  the  anierior  molars  ahout  the  twelfth,  and  the  ca- 
nines about  the  eighteenth,  the  posterior  molars  lieirig  cut  between  lliat 
time  and  three  years.  The  average  date  of  the  appearance  of  the  perma- 
nent teeth  is,  the  front  niolara  about  the  seventh  year ;  middle  incisors, 
eighth;  lateral  incisors,  ninth ;  anterior  bicuspids,  tenth;  second  bicuspids, 
eleventh;  canines,  twelfth  to  thirteenth;  second  molarg,  twelfth  to  tbnr- 
teenth;  and  the  last  molars  from  the  BCventcc-nth  to  the  twenty-Jirst  year. 

The  power  of  articulate  sjwech  ia  di:-<playcd  within  twelve  or  tifceen 
months,  some  letters  being  more  easily  gained  than  otiiers;  among 
them  arc  A,  B,  P,  :i[.  '"^  ' 

From  henceforth  the  mind  emerges  with  rapidity  from  the  confusion 
of  a  multitude  of  impresaions,  and  leama  to  concentrate  itself  _ 

n-i   ■  1  M  ■  T  Coficpnrnitifin 

at  pleasure  upon  one.     Ihis  capability  oi  montal  abstraction  uf  ihe  mtf^u- 
ia  a  process  of  specialization,  and  ta  a  manifestation  of  the  "^''" 
law  of  Von  liar.     The  intellectual  difference  which  wc  eventually  observe 
between  one  man  and  another  is,  to  no  inconj^iderable  degree,  dependent 
upon  such  an  ability  of  concentratii]g  thought.     He  "who  conceives  of  a 
thing  distmctly  is  very  likely  to  express  lumselt'of  it  clearly. 

Tliroughout  infancy  and  childiiood,  the  features,  and  even  the  gestures, 
indicate  the  profound  constitutional  changes  which  ore  going  on.  The 
countenance,  instead  of  expressing  pleasure  and  pain  in  the  aggregate  by 
smiling  or  crying,  as  waa  the  case  at  first,  gains  the  faculty  of  represent- 
ing every  grade  of  tcclirig.  Long  before  tnalttrity  is  reached  we  read 
without  difficulty  the  thoughts  which  are  passing  in  the  mind  frorn  the 
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movements  of  tlie  lip  or  the  eye,  and  the  painter  can  express  every  shade 
of  feeling,  and  every  emotion,  by  the  mere  coniiguration  of  the  outward 
form. 

The  monthly  growth  of  the  foetus  for  six  months  before  birth  is  es- 
Mcap  length  tabUshed  at  twa  inches.  At  birtt^  the  mean  length  of  boys 
of  tie  infuDL  jg  ].g^  inclies,  and  of  girla  18^  indies,  the  former  being  there- 
fore a  little  the  longer. 

At  sixteen  or  seventeen  years  the  growth  of  girls  ie  relatively  as  tiiugIi 
Grtwthofbojs  advanced  as  that  of  youths  of  eighteen  or  ninetecii.  For 
and  gir!«.  jlig  most  part,  the  inhabitanta  of  towns  are  taller  than  those 

of  the  country.  The  full  hciglit  is  not  readied,  iu  some  instances,  until 
twenty-five  years  ;  in  very  warm  and  very  cold  dimates  it  is  more  quick- 
ly attained.  The  recnrabent  position  is  regarded  as  being  favorable  to 
growth)  and,  influenced  by  jiis  own  weight,  an  individual  ia  shorter  in 
the  evening  than  when  he  first  rises  from  bed  in  the  morning. 

With  regai'd  to  the  rate  of  growth,  it  may  be  observed  that  it  ia  most 
rapid  immediately  after  birth,  and  continually  diminishes  until  about  five 
year3»  the  epoch  of  maximum  of  probable  life*  It  then  remains  equable 
to  about  nixtecn  years,  the  annual  growth  being  2-J  inches.  After  pu- 
berty it  declines,  beings  i'lom  sixteen  to  seventeen  years,  1.^  inchea,  and 
during  the  next  two  I  inch  only.  Tiie  annual  increment  relatively  to 
the  height  then  attained  continually  diminishes  from  birth.  The  fcetua 
grows  as  much  in  length  in  a  month  ag  the  diild  from  (i  to  1(1  veara 
does  in  a  year.  The  liniita  of  growth  of  the  two  soxca  arc  unequal,  be- 
cause women  arc  smaller  than  men,  terminate  their  growth  soonert  and 
annually  grow  less.  Individuals  in  affluent  circumstances  may  often 
surpass  the  standard  height,  but  misery  and  fatigue  arc  liable  to  produce 
the  opposite  eticct.  Longevity  is  generally  less  for  persona  of  great 
height. 

As  to  the  niaximum  and  minimum  of  height,  it  maybe  remarkeu  that 

„    .  ,  Frederick  the  tireat  had  a  Swedi&h  body-ffuard  wlioae  heiirht 

tninimuni         wss  ctght  fcct  thrcc  inches :  and,  on  the  other  hand.  Birch 

ciy  to  man.  g^^j^g  |j,j^j  ij^^rg  y-^^  a^   individual,  37  years  old,  whose 

height  was  sixteen  inches.  In  view  of  these  and  otlier  sucli  facts, 
Quetelet  fixes  on  8  feet  3  inches  as  the  maximum,  and  1  foot  5  inches 
as  the  minimum  of  lieight ;  he  gives  as  the  mean  ^  feet  4  inches.  Half 
the  men  of  France,  at  the  age  of  conscription,  are  between  5  feet  2  inchea 
and  5  feet  G  inclies,  but  the  wars  incident  on  the  great  Ecvolntion  made 
a  permanent  impression  on  the  Frencli  in  this  respect  by  lowering  the 
standard  through  the  consumption  of  the  taller  men.  JI.  Quetelet  more^ 
over  remarks,  that  in  ten  miUions  of  men  there  ia  but  one  more  than  6 
feet  8  indies,  and  one  less  than  4  feet.  There  ia  reason,  however,  to  be- 
lieve that  thifl  statement  will  not  hold  good  of  America. 
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As  regafda  weight,  new-born  boya  are  heavier  than  girls.  An  average 
taken  from  20,000  gives  fi;}  lbs.  as  the  weight  at  birth;  the  Weight  of 
maxima  and  minima  have  been  10^  Iba.  and  2j  Iba*  For  about  i''f»ni»- 
iv  week  after  birth  the  weight  diminishes,  owing  to  the  cfl'ect  of  aeriaJ 
i-CBpiration.  The  difference  in  weight  between  the  two  sexes  gradually 
diminishe&  until  about  the  twelfth  year,  when  an  equality  is  reached. 
Tiie  niasiiBum  weight  ia  attained  ftix>ut  40^  and  as  60  is  ap-  ^y^^irfht  ai  dif. 
proached  a  diminution  is  perceived,  which  reaches  12  lbs.  ferwu  pnrioii* 
at  about  80  years,  the  stature  likewise  correspondingly  di-  * 
iTiinishing  by  about  2  J  inches  ;  the  leinalc  reaches  her  maximum  weight 
somewhat  later,  at  about  50  years.  Tlie  extreme  Itinits  of  weight  in 
men  are  108  lbs,  and  31G  lbs. ;  in  women,  H7^  lbs.  and  206^  lbs.  The 
mean  weight  at  nineteen  ig  nearly  that  of  old  age  in  both  sexes.  At  full 
development  the  male  and  female  weigh  almost  exactly  20  times  as  much 
as  at  birth.  In  the  Hrst  year  the'  infant  of  both  sexes  triples  its  weight. 
It  icfjuires  six  years  more  to  double  that,  and  thirteen  to  quadruple  it. 
Immediately  after  puberty  boUi  sexes  have  half  their  ultimate  weight. 
lititween  the  ages  of  2-3  and  40  the  mean  wcigiit  of  the  male  is  136^  lbs.* 
and  of  the  female  l^OJ  lbs. 

With  respect  to  the  relation  between  weight  and  height,  il'man  increased 
equally  in  all  his  dimensions,  the  weight  would  be  as  the  cube  i.,.]„(ion  ^f 
of  the  height ;  but  since  this  is  not  so,  development  taking  pbice  hdittit  and 
unequally,  the  proportion  is  not  obiserved.  and  it  is  found  that  ^'"^'^■ 
from  the  end  of  llie  (ir^t  year  to  puberty  the  weights  are  as  the  squares 
of  the  heights.  HI.  Quetelet  gives  03  an  approximate  rule  tliat  during 
development  the  squares  of  the  weights  at  difibrcnt  ages  are  as  the  tiftli 
power  of  the  heights,  the  transverse  groivtk  being  less  than  the  growth 
in  height.  The  mean  weight  of  a  male,  without  rcterence  to  age,  is  103 
lbs.  ;  of  a  female,  d'-l^.  A  mtnil.ir  calculation  for  the  population  of  the 
United  States  as  that  whieh  has  been  given  by  this  philosopher  for  Brus- 
sels would  give  for  the  total  weight  of  all  Americans  two  thousand  six 
hundred  and  thirteeii  millions  of  pounds. 

TEje  weight  of  an  individual,  considered  without  reference  to  age  or 
sex,  is  100-j^  Iba^ 

From  birtii  tinlil  puherty  the  mode  of  life  ia  essentially  yegetative,  all 
tlic  instincts  having  relation  to  the  individual  and  corporeal  development. 
Except  through  the  intervention  of  education,  the  desires  of  the  cEiild  are 
chiefly  directed  to  the  pleasures,  of  mere  vegetative  existence,  eating  and 
drinking  \,  and  tliis,  iu  savage  races,  is  witnessed  in  a  much  more  mark- 
ed manner  than  in  those  that  are  civilized,  in  whom  the  manner  of  life  ia 
affected  through  the  inter\'ention  of  parental  care.  In  this  particular  it 
may  be  remarked  tliat  maternal  love  ia  divisible  into  an  in-  Hatomni  lovc 
stinctive  and  a  moral  aifeclion,  the  former  of  a  lower  and  of  t^vo  kindB. 
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more  animal  kind,  the  latter  of  a  higher  and  intellectual ;  the  former  lim- 
ited to  the  period  of  intantile  helplessness  and  dependence,  and  succeed- 
ed by  the  latter  aa  maturer  years  are  attained.  In  savage  races,  howev- 
er, instinctive  affection  seems  alone  to  exist,  and  the  intensity  of  moral 
uSectcon  is,  to  a  certain  extent,  a  measure  of  civilization.  Throughout 
_,  .  .  the  first  fifteen  years  of  life,  with  the  gradual  development 
tiie  life  of  etiil-  of  the  body  there  ia  also  a  steady  intellectual  progress*  the 

"■  gaina  of  which  seem  to  be  greatest  at  the  earlier  periods,  and 

less  and  less  inarked  as  maturity  is  approached.  When  we  recall  the 
wonderful  advance  accomplisiied  in  the  first  years,  embracing  the  acqui- 
sition of  apeecht  and  a  knowledge  of  the  nature  and  qualities  of  a  thou- 
sand aurrounduig  objects,  we  might  be  led  to  suppose  that  our  mental 
acquisitions  decline  with  the  progress  of  life ;  but  this  is  altogether  de- 
ceptive ;  for,  though  the  acquirements  of  later  years  he  less  obvious,  they 
are  none  the  less  important  and  none  the  less  profound. 

Through  the  successive  changes  to  which  allusion  lias  now  been  made, 
The  maturity  each  of  which  ia  a  strict  metamorphosis,  and  each  of  which, 
of  man.  ^jj^  j^g  special  structurcs,  has  its  special  functions,  man  at  last 

reaches  maturity.  In  some  cases,  as  we  have  seen,  the  stature  contin- 
ues increasing  until  after  the  twenty-fifth  year,  and  throughout  the  whole 
mature  period,  even  after  what  has  been  termed  the  meridian  of  life  is 
gained,  the  weight  also  becomes  greater.  This  increase  of  weight,  how- 
ever, hag  not  so  much  a  relation  to  the  muscular  as  to  fine  respiratory  eys- 
tem,  far  the  former  reaches  its  perfection  at  a  much  earlier  date,  the  in- 
creasing development  of  tlie  middle  period  of  Mfe  being  due  to  a  continued 
tendency  to  tlie  accumulation  of  fat.  At  tins  jwriod,  moreover,  the  object 
of  life  has  undergone  an  entire  change ;  the  vegetative  jjropensity,  or  that 
for  the  exclusive  developnient  of  the  indi^  idual,  has  declined  in  pront- 
inence,  and  the  reproductive  has  been  assumed.  With  tliis  there  have 
been  awakened  new  sentinienta  and  new  emotions,  aflbrding  atill  another 
corroborative  proof  of  the  connection  of  mental  habitudes  and  structural 
condition.  The  psychical  powers  are  now  advancing  toward  maturity, 
an  advance  which  tjiey  continue  to  make  unld  about  the  fiftieth  year. 
Throughout  this  whole  period,  and  even  at  this  extreme  da.te,  we  Btill 
notice  how  much  intellectual  capacity  is  connected  with  the  perfection  of 
corporeal  development.  It  needs  but  a  little  experience  for  us  to  de- 
termine at  a  glance  the  intelligent  from  tiie  obtuse,  and  to  read  even  the 
minor  shades  of  character  in  the  aa^iect  of  the  face.  Without  being 
aware  of  it,  we  are  constantly  putting  into  requisition  the  principles  of 
phrenology  and  physiognomy,  and  drawing  conclusions  respecting  char- 
acter to  a  certain  degree  correct,  from  the  expression  of  (lie  eyes,  the  lin- 
eaments of  the  countenance,  or  the  configuration  of  tlie  fiead. 

TJie  actions  of  man  are  closely  connected  with  llie  piiysical  and  nnoral 
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circumstances  under  which,  he  is  placed.  The  greatest  num-  ,j^^  ^  . 
ber  of  crimes  against  persons  and  property  is  among  the  luhiib-  to  erime  in  " 
itants  ofriver-banka-  The  period  at' the  maximEin  of  criioea  '^"^"' 
against  persona  coincides  witli  that  which  is  the  minimum  against  prop- 
erty, and  is  tlie  summer  season.  Aa  respects  each  individual!,  hia  leiid- 
eacy  to  crime  is  at  tirat  against  property,  and  this  reaches  its  maximum 
at  about  25  years  of  age,  whereas  tlie  tendency  to  crime  against  persons 
commences  later  than  that  against  property,  and  increases  with  the  in- 
crease of  strengtiL  In  crime,  man,  as  iic  grows  older,  substitutes  strata- 
gem for  force.  If  brought  up  in  a  liberal  profession,  his  tendency  in, 
crime  is  against  persons,  but  that  of  tlic  workman  is  against  property. 
Elementaiy  instruction,  so  iar  a3  reading  and  writing  go,  does  not  lead 
to  the  diminution,  but  ratlier  to  the  increase  of  crime :  a  very  pj^j,^ji^,|„i  ^{_ 
important  conclusion,  more  particularly  in  tlie  United  States,  feet  f>f  low  ed- 
in  many  portions  of  which  this  kind  of  education  is  chiefly  ""'^""^* 
patronized  by  government,  to  tlie  exclusion,  to  a  certain  extent,  of  that 
which  is  of  a  higher  g^ade,  and  whicJi  serves  to  correct  this  important 
defect.  Moreover,  superficial  education  makes  the  mind  a  ready  recep- 
tacle for  every  kind  of  imposture^  nnd  has  been  the  cause  of  tiie  r^ipid 
spread  of  many  modern  delusions,  sucli  as  spiritualism  and  homciiopatliy. 
As  regards  women,  their  tendency  to  crime*  when  compared  with  that 
of  men,  is  as  23  to  100;  at  least  this  is  the  case  in  France.  __ 

'  _  _  The  tendency 

Their  tendency  for  the  perjxitration  of  crimes  against  persona  to  crime  in 
is  less  than  that  for  crimes  against  property  in  the  propor-  *'**'"*'"^' 
tion  of  16  to  2G.  It  is  interesting  to  obacrve  that  the  ])]iysical  force  of 
woman,  as  compared  with  that  of  man,  is  also  as  16  to  26.  From  such 
considerations,  it  may  therefore,  [wrhaps,  be  concluded  that  the  morality 
of  women  is  about  the  same  as  that  of  men*  their  physical  fceblenesa  and 
modesty  beiiig  taken  into  account.  In  women,  tlie  maximum  tendency 
for  crime  occurs  at  about  30  yearat  but  then  she  relinquishes  tEiat  dispo- 
sition sooner  than  man.  Iler  tendency  to  theft,  however*  begins  early, 
and  lasts  through  life.  AVhon  she  desires  to  commit  murder,  she  em- 
ploys, by  preference,  potion.  In  ilijs  may  be  disceriied  tl(C  influence  of 
her  constitutional  element,  physical  feebleness.  Timid  at  explosions  and* 
at  the  sight  of  blood,  if  driven  to  the  extremity  of  sclf-Je  struct  ion,  she 
instinctively  resorts  to  drowning.  Women,  like  men,  who  are  the  res- 
idents of  towns,  are  much  less  moral  than  those  who  live  in  the  country. 
This  may  be  inferred  from  such  facts  as  that  the  annual  percentage  of 
still'-births  occurring  in  the  former  is  very  near  double  of  that  occurring 
in  the  latter  case ;  and  though  tlijs  may  be,  to  a  certain  extent,  connect- 
ed with  the  fashionable  restminta  of  clothing  and  social  dissipations,  it 
is  far  more  dne  to  female  depravity.  The  illegitimate  births  of  towns 
compared  with  those  of  the  country  are  aa  23  to  7.     Among  the  atill- 
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born,  the  illegitimates  are  to  the  legitimates  as  5  to  3.  In  the  city  of 
Berlin,  the  iUegitlmatc  stiLI-hlrtiis  are  to  the  legitimate  in  aa  high  a  pro- 
portion as  3  to  1. 

The  passions  of  man  are  gratified  in  a  lunniier  that  seeoia  to  ho  inde- 
pendent of  religious  profession*  The  open  dissoluteness  of  one  country 
ia  counterpoised  by  the  secret  crime  of  another.  Protestant  England 
and  Catholic  France  exhibit  a  striking  illustration.  In  the  foniier,  in 
1845,  tiie  number  of  illegitimates  waa  70  per  thousand  of  tlieTvliole  num- 
ber of  children  bom.     In  France  it  was  about  71. 

During  the  process  of  the  development  of  the  intellect  of  man,  Tarious 
SucceBsion,  of  psychicfll  pcrsuasions  in  succession  arise,  wliich  are  frequent- 
paychicftl  pur-  ly  imputed  to  education  or  tradition,  but  of  which  the  origin 
is  undoubtedly  to  be  traced  to  the  organization.  Those  gen- 
eral ideas  that  arc  found  all  over  the  world,  among  all  races  of  mankind, 
whatever  may  be  the  climate  in  which  they  live,  their  social  condition, 
or  religious  opinions — ideas  of  what  is  good  and  evil,  of  virtue,  of  the 
efficacy  of  jienance  and  of  prayer,  of  revvanls  and  jninishments,  and  of 
another  world:  theses  from  the  uniformity  of  their  Ciistcnce  in  all  ages 
and  ill  all  places,  must  be  imputed  to  llie  stamp  that  has  been  put  ujwn 
our  cerebral  organization.  In  the  same  light  we  must  vicw,a3  Dr*  Prich- 
Atd  has  said,  the  delusions  and  fictions  which  are  universal,  such  as 
ghosts  and  genii,  giants  and  pigmies.  Universal  opinions  arc  not  the 
result  of  accident,  nor  always  of  tradition-  Tliey  are  often  creations  of 
the  mindt  arising  from  peculiarities  of  its  constitutton. 

Anived  at  maturity^  the  system  of  man  commences  at  once  to  decline, 
Sutciwivemax-  the  epochs  of  the  maximum  of  physical  and  mental  strength 
and  menwr'*^"  ■■"^*'  howevcr,  coinciding ;  that  for  the  former  occurring  at 
Btrcn^jtL.  about  the  2iJth  year,  as  previously  rcraarkedT  but  that  for 

the  latter  not  until  Ijctwccn  the  -15111  and  oOih  year.  At  this  period, 
when  the  powers  of  imagination  and  reason  have  reached  their  highest 
degree,  the  liability  to  mental  alienation  and  insanity  is  also  at  its  max- 
_  ,      f  imum,      SomewJiat  later,  the  physical  system  plainly  he- 

Ora»r  of  men-  r    ,'  .  r  j 

ul  and  pliysi-  trays  that  it  is  jjursuing  its  downward  course,  retracing  the 
a.  ve  inc.  gtcps  through  whicli  it  passed  forward  to  development.  Soon 
there  is  an  evident  decrease  of  weight,  the  imtritive  operations  being  no 
longer  able  to  repair  the  wuiite  of  the  body.  There  is  also  a  diminution 
of  the  height.  This  corjioreal  decay  is  tlie  signal  for  a  depression  of  the 
mental  powers,  the  first  which  begins  to  yield  being  probflbh'  that  of  con- 
eentraiing  i>r  absfractlng  the  thought.  As  years  pass  on,  external  im- 
pressions exert  a  diminished  intliieiice,  and  he  who  at  an  earlier  period 
reached  the  meaning  of  things,  as  it  were,  almost  by  intuition,  now  casts 
hia  eyes  over  page  after  page  without  an  idea  being  communicated  to  his 
mind.     The  old  man  queruloiifily  complains  that  he  reads  his  book,  hut 
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doea  not  underafand  what  it  mcana.  With  this  failure  of  per-  Estrcmo  oW 
ceptiott  the  powers  of  memory  decline,  recent  events  fading  "se- 
away lirst,  but  those  of  early  life  being  recollected  last.  The  present  no 
loHgcr  possesses  an  interest,  for  t}ie  brain  is  less  capable  of  receiving  any 
new  impreafiions.  Oiic  after  another,  the  organs  of  sense  fail  to  digchargc 
their  functions ;  the  sight  becomes  misty,  the  hearing  dull ;  there  is  an 
indiapositiou  for  exertion,  a  desire  for  repoae*  The  white-bearded  pa- 
triareli  of  a  hundred  j'ears  eits  quietly  by  the  fireside,  resting  his  hands 
on  the  top  of  his  staff. 

IntKmeti  of  Longevifg. 
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The  mortality  of  towns  is  greater  than  that  of  the  countiy.  As  Wf 
advance  from  the  midst  of  the  temperate  region  toward  the  t^^ 
equator  or  toward  the  poles,  it  also  incrcasefl :  tbus,  in  the  t"lit.v- 
northern  portions  of  Europe,  the  annual  mortality  is  as  1  to  41 ;  that  ol 
Central  Europe,  1  to  4(3^ ;  that  of  Southern  Europe,  1  to  33^,  Con- 
sidered as  respects  different  pcrioda  of  life,  the  rate  of  mor-  j,|j„(j^]i(  „£ 
tabty  varies  very  mucli.  Of  both  sexes,  22  per  cent,  die  diitcrunt'pwi- 
before  they  ajre  one  year  old,  and  37  per  cent,  before  they 
arc  five  3'earg  old.  Male  infants  are,  however,  more  liable  to  die  imme- 
diately after  birth  than  female,  but  at  tJie  close  of  about  two  years  their 
mortality  is  the  same.  Nine  twentieths  of  the  whole  number  bom  die 
before  they  are  fifteen  years  of  age,  that  is,  before  they  have  become  use- 
ful to  the  community. 

The  mortality  among  girls  increaaea  between  14  and  Ifi,  and  among 
men  between  21  and  26.     In  France  and  Belmum,  from  26  „  ,  .. 

o         '  Relative  mor- 

to  30  is  the  epoch  of  marriage,  and  at  this  period  the  mortal-  uiUy  of  thi' 
ity  is  the  same  in  botili  se.\es.  It  then  increases  tor  the  *^^^*' 
women  during  the  years  of  child  bearing*  and  afterward  again  becomes 
equal  for  both.  At  25  years  lialf  the  births  arc  dead.  The  mean  life 
may  be  estimated  at  33  years.  The  raaxiniuni  expectancy  of  life  is  at 
5  years,  at  which  age  the  risk  of  mortality  ia  suddenly  reduced,  and  be- 
comes  small  tiU  puberty,  when^  especially  among  girK  it  becomes  great. 
From  60  to  65  the  chances  of  life  are  again  at  a  minimum. 

To  the  tbregoing  Btatementa,  in  which  contrasts  have  been  drawn  be- 
tween the  male  and  female,  the  following  may  be  added :  Not  only  ia 
there  a  diflerence  in  the  entire  atatore,  but  the  ditlerent  portions  of  the 
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Compsriaon  of  body  have  not  the  same  relative  alze.     The  capacity  of  the 

rfthemalrfl^d  ^^^^  ^"  *^^  female  is  less  ;  the  body  is  longer  ;  tiie  lower  cx- 
feaiBie.  treitiities  shorter ;  the  pelvia  of  i^reater  size,  especially  in  itfc 

transverse  diameter;  the  heads  of  the  thigh  bones,  therefore,  farther  apart, 
rind  the  bones  themselves  including  a  larger  angle  than  in  the  case  of  the 
male;  the  chest  and  tlie  abdomen  are  respectively  more  convex;  the  trans- 
verse diameter  at  the  shoulders  smaller,  and  the  upper  extremities^  like 
ihe  lower,  shorter;  the  hands  and  feet,  fingers  and  toes,  of  less  size.  The 
surface  presents  a  more  elegantly  rounded  form,  without  ai^igularities ; 
the  akin  thinner  and  more  traiislucent ;  the  hair  of  the  head  is  longer 
and  finer,  but  other  portions  of  the  akin  less  covered  with  hair ;  t]ie  nails 
smaller  and  thinner. 

The  Btrength  of  the  female  is  to  that  of  the  male  as  16  to  26.  Her 
p  ..  ,  miLscIea  toiitract  with  less  enerev,  and  are  more  easily  wea- 
cuiisriEjpsof  ried.  The  peculiarities  of  the  construction  of  tiie  bones  of 
t  e  ccnK  e.  ijgj,  pgjyjg  ^jj^j  chest  respectively  give  rise  to  peculiarities  in 
the  movements  of  the  lower  and  ii.p[>er  extreniitiea ;  hence  the  character- 
iBtic  manner  of  walking  and  movement  of  the  arm  in  attempting  to  throw 
a  Btone,  In  the  chajjter  on  the  voice  ive  have  already  pointed  out  the 
temale  peculiarities  in  speaking  and  singing,  and  its  more  acute  quality. 

With  respect  to  her  moral  and  intellectual  pGCuIiaritiea,  these  are  man- 
|.  ,     ,  ifested  from  the  earliest  infancy  in  the  sports  and  games 

iEiKllftctu«l  [it-  which  slie  instinctively  follows.  Coming  to  maturity  more 
"^  GH.  rapidly  than  the  male,  she  abandons  these,  though  they  may 
ritill  be  enjoyed  by  boys  of  her  own  age,  whom,  for  the  cour^se  of  a  year 
or  two,  bIig  regards  with  neglect  or  even  disrespect,  a  feeling  soon  after 
to  be  followed  by  timidity.  Education  and  the  position  in  which  she 
may  have  been  placed  may,  to  a  certain  extent,  control  or  disguise  her 
habits,  but  they  can  never  wholly  obliterate  the  striking  predominance 
of  her  moral  over  her  intellectual  qualities,  as  compared  with  man.  EiS- 
sentially  religious,  her  faith  is  applied  to  almost  all  the  ordinary  affairs 
of  life,  though  when  alie  finds  that  slie  has  been  deceived  she  is  ever  dis- 
iruatful.  1' roni  the  earliest  times  it  has  been  remarked  that  her  revenge, 
more  particularly  when  it  concerns  wounded  pride,  is  Implacable.  Much 
more  than  the  male  she  is  delighted  with  the  adommentg  of  dross.  Her 
reaisoning  powers  are  les&  vigorous,  though  her  sensations  are  more  acute, 
yet  she  beara  pain  with  more  resignation  than  man.  Iler  judgment  is 
not  so  evenly  balanced,  and  is  often  perverted  by  the  preponderance  of 
her  feelings.  It  has  been  asserted  that  tlicae  moral  and  intellectual  pe- 
culiarities which  she  presents  when  compartwl  with  man  are  distinctly 
traceable  to  tEie  phrenological  predominance  of  the  moral  over  the  intel- 
lectual regions  of  the  brain. 

The  physiologist  who  is  thus  obliged  to  speak  of  the  constitutional 
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flntl  mental  imperfections  of  tlie  female^  tnay  be  permitted  to  turn  w'ith 
delight  from  the  dry  details  of  statistics  and  anatomy  to  the  family  and 
social  relations,,  for  it  ia  therein  that  her  beautiful  qualities  shine  forth. 
At  the  close  of  a  long  life,  checkered  with  pleasures  and  miafortunea, 
how  often  doea  the  aged  man  witli  emotion  confess  that,  though  all  the 
ephemeral  acquaintances  and  attachments  of  his  career  have  ended  in  dia- 
appointment  and  alienation,  the  wife  of  his  youth  is  still  hia  tricnd.  In 
a  world  from  which  every  thing  else  seems  to  be  passing  away,  her  affec- 
tion alone  i3  unchanged ;  true  to  him  in  &icknes3  as  in  health,  in  miefor- 
tune  as  in  prosperity,  true  in  the  lioiir  of  death.  WTien  the  schemes  that 
occupied  his  active  years  have  vanished,  or,  if  realized,  arc  now  no  more 
to  him  than  vanities  wliich  hardly  fasten  liis  thouglits ;  when,  in  the 
fecblfi  extremity  of  age,  every  thing  is  a  burden  to  him,  and  the  pass- 
ing excitements  of  citliera  can  not  even  arouse  his  attention,  the  echo  of 
those  prayers  is  still  heard  which  hia  unskillful  tongue  first  learned  at  hiB 
mother's  knee.  Tlie  stem,  the  avaricious,  the  hard-iiearted,  the  intelloct- 
ual,  all  are  equally  brought  to  confeas  who  was  their  first  and  who  ia  their 
last  true  friend. 

The  necessities  of  society  have  led  to  the  establishment  of  artificial 
fpochs  in  the  life  of  man.  In  most  countries,  the  firat  recog-  Artificial 
iiized  movements  of  the  fietus  are  taken  as  the  period  from  *'pottia  of  life, 
which  independent  life  begins,  and  the  twenty-first  year  is  fixed  as  the 
time  of  maturity.  TJiese  arbitrary  dates  answer  the  purpose  very  well, 
but  they  have  not  tliat  physiological  significance  which  is  commonly  sup- 
jioscdj  for  neither  of  them  coincides  with  any  great  change  in  the  mode 
of  life.  Of  the  metamorphoses  tJirough  which  wc  pass,  the  final  one,  oc- 
curring at  puberty,  which  separates  the  merely  vegetative  from  the  re- 
productive period  of  life,  is,  inider  the  circumstances  of  the  case,  with  the 
exception  of  the  aB.9urnptson  of  aerial  respiration  at  birth,  the  only  obvious 
one.  The  change  which  then  ensues  is  in  no  respect  less  marked  than 
the  passage  to  the  j>erfcct  or  imago  state  by  insects.  l>eveIopment  sud- 
denly takes  on  a  new  ]>]ta3e,  and  with  tlie  physical  change  correspond- 
ingly occur  changes  in  the  psychical  endowments — modesty  and  woman- 
ly sentiments  in  the  one  sex,  courage,  the  perception  of  honor,  and  manly 
qualities  in  the  otherj  the  capability  of  mutual  love  in  both.  Even  among 
[inimals  under  the  same  conditions,  analogous  results  are  presented,  though 
in  a  less  refined  way. 

The  human  species  is  no  exception  to  the  observation  long  ago  made, 
(hat  the  undue  extension  of  the  vegetative  period  of  life  into  Einjronchmcni 
the  reproductive  is  at  the  expense  of  the  latter.  In  the  same  I'lVJ'peS^ 
rnanncr  that  a  tree  overladen  with  foliage  presents  its  fliow-  Wfe. 
ers  scantily,  so  a  love  for  the  pleasures  of  the  table  and  a  predominating 
epicurean  turn  is  often  the  indication  of  incapability. 
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Up  to  the  iburtecnth  year,  the  human  being  lives  solely  for  itaelf ;  its 
Gradual  instincta  are  for  tlic  gratirication  of  ha  present  ivauta,  and 
raoa^  "ulu!  ^^^^^^  wants  are,  for  the  most  part,  connected  with  its  vegeta- 
tia-  tive  development.    After  that  period  ita  life  ia  for  the  future, 

and  is  in  relation  to  the  race.  With  this  more  elevated  condition,  new 
emotions  and  passions  have  been  awakened;  there  is  a  gradual  unfolding 
of  the  mental  powers,  and  a  balancing  arising  from  increaaed  knowledge 
and  increased  experience ;  yet,  even  now,  the  mental  qualities  that  are 
most  marked  axe  only  the  extension  of  those  the  germ  of  which  may  be 
discovered  at  the  tirst  dawn  of  reason,  and  the  same  may  be  said  even 
of  our  intellectual  impressions.  TJie  ideaa  we  have  gathered  as  members 
of  a  family  are  reproduced  and  expanded  in  our  religious  views,  and  the 
government  of  God  is  presented  to  the  human  heart  leaa  acceptably  when 
he  is  set  forth  aa  the  ^Vlmighty  Maker  of  the  world  than  as  the  Universal 
Father  and  Giver  of  all  good. 

In  a  preccduig  chapter  I  have  already  aliown  how  the  existence  of  the 
PuraiiB]  of  cor-  immaterial  spirit  of  man  may  be  investigated  physiologically, 
mental *1l-vl'U  ^^  ^^7  ^°^  ^^  **""*  "^^  placc  licTC  to  diaposc  of  an  argument 
opraent.  that  some  have  insisted  on,  that,  since  the  development  of 

the  mind  proceeds  in  an  equal  step  with  the  development  of  the  body, 
each  expanding  or  declining  with  the  otJier,  the  dissolution  of  the  animal 
fabric  is  the  token  of  the  death  of  the  soul.  Against  this  doctrine  the 
whole  human  family,  in  all  ages,  has  borne  its  testimony,  and,  if  univer- 
sal impressions  arise  from  physical  constitution  far  more  than  they  do 
£rom  tradition,  it  may  he  truly  said  that  that  doctrine  is  incompatible 
with  the  organization  of  man.  Probably  there  is  no  question  which  hae 
received  a  greater  amount  of  individual  and  general  attention — none 
which  has  more  deeply  exercised  the  thought  of  the  profoundest  intellect; 
and  what  is  the  actual  result  ?  Whatever  may  he  the  social  state,  bar- 
barous or  polished,  whatever  the  manner  of  life,  whatever  tlie  cUmate, 
whatever  the  form  of  religion,  the  assertion  of  the  existence  of  the  spirit 
after  death  is  so  universal,  that  it  may  be  termed  one  of  the  organic  dog- 
mas of  our  race.  Indeed,  we  may  affirm  that  the  mind  has  to  be  edu- 
cated, trained,  or  strained  before  it  becomes  capable  of  an  opposite  view, 
which,  even  then,  will  be  doubtingly  entertained. 

If  there  is  a  point  in  natural  philosophy  which  may  be  regarded  as 
,  ,  ,  ,  finally  settled,  it  ia  the  imperishability  of  the  cliemical  ele- 
tKuieiiHK  of  ments  and  the  everlasting  duration  of  force.  With  the  sys- 
'  "*"  "  tern  of  nature  existing  as  it  is,  we  can  not  admit  that  an  atom 
of  any  kind  can  ever  be  destroyed;  and  a  like  assertion  may  be  made 
offeree.  Heat  may  give  rise  to  motion,  motion  to  electricity,  electricity 
to  heat:  one  kind  of  force  may  he  converted  into  another,  there  being  a 
perfect  correlation  or  quality  of  substitution  among  them.     The  quan- 
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tity  of  power  U  now  the  same  aa  it  ever  was-  Its  Txiriationa  are  analo- 
gous "to  the  apparent  transmutations  of  ponderable  material.  Tliey  are 
mere  metamorphoses. 

Matter  and  force  are  equally  incapable  of  deatmction.  Each  conatitu- 
ent  atom  of  the  animal  meehaniam,  though  it  may  be  diamisaed  for  the 
time  ^luaelessj  is  not  lost,  but  sooner  or  later  ig  economized  in  some 
organic  form  again.  The  heat  which  aeema  to  arise  from  tiic  most  in- 
significant muscular  contraction  haa  been,  so  to  speak,  many  a  time  in 
existence  before,  and  after  it  has  escaped  from  the  system  ia  not  lost  to 
the  worlds  but  diachargea  one  fimction  after  another  forever;  end  if  thus 
neither  matter  nor  force  can  die,  it  would  be  a  great  anomaly  if  the  prin- 
ciple of  conscious  identity  were  capable  of  annihilation.  Like  them,  it 
may  be  capable  of  modification  or  change^  and,  like  them,  it  is  not  capa- 
ble of  loss  of  existence.  The  creeds  of  various  nations  recognize  this 
great  truth ;  they  differ  only  in  their  ideas  of  what  that  future  etate  of 
modification  may  be. 

Perhaps  in,  aome  age  hereafter  phyaiology  will  find  herself  sufficiently 
advanced  to  offer  her  opinion  on  this  profound  topic,  for  I  can  not  think 
that  God  has  left  ua  without  a  witneaa  in  this  matter,  even  in  the  struc- 
ture and  development  of  the  body  itself.  From  the  moment  that  we  see 
the  first  tracea  of  the  nervous  meciianisra  lying  in  the  primitive  groove, 
we  recognize  the  subordination  of  every  other  part  to  that  mechanism. 
For  it,  and  because  of  it,  are  introduced  the  digestive,  the  circulatory, 
the  secretory,  the  respiratory  apparatus.  They  are  merely  its  ministers. 
And,  fastening  om:  attention  on  the  course  which  it  purauea^we  see  that 
it  is  at  once  a  course  of  concentration  and  development*  The  special  is 
at  each  instant  coming  out  of  the  more  general,  and,  from  the  beginning 
to  the  end,  the  whole  aim  is  at  psychical  development.  The  germinal 
membrane  is  cast  awny  as  soon  aa  a  stomach  can  be  prepared,  aquatic 
respiration  ceascsi  as  soon  as  aerial  can  be  maintained.  The  scaffolding 
that  was  of  use  at  one  moment  is  thrown  aside  as  soon  as  a  new  eleva- 
tion is  reached.  The  germ,  tiie  embryo,  the  infant,  are  only  successive 
points  in  a  progress  which  at  every  instant  displays  tliia  casting  away 
of  the  means  that  have  been  used  as  soon  as  they  arc  done  with.  That 
is  the  style  in  which  the  work  is  carried  on.  The  principle  which  ob- 
scurely animated  the  germ  ia  the  same  which  in  a  higher  way  animates 
the  embryo,  and  this  again  is  the  same  which,  in  a  more  exalted  condi- 
tion, animates  the  infant  and  the  man.  The  cloudy  apeck  which  ushers 
in  the  phantasmagoria  of  life  expanda  aa  the  great  Artist  directs  until 
every  lineament  has  become  visible. 

That  active  agent  which  was  first  laid  in  a  fold  of  the  germinal  mem- 
brane was  not  annihilated  when  its  type  of  life  waa  changed  to  placental 
find  therefore  aquatic  respiration.     It  withstood  the  shock  when  again, 
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after  a  due  season,  it  was  suddenly  made  to  breathe  the  air.  Arrived  at 
the  mature  condition,  there  is  not  in  its  companion-l^idy  a  single  particle 
that  waa  present  at  birth.  All  has  changed.  And,  what  is  still  more 
important,  not  only  has  there  been  thia  interstitial  removal,  but,  in  bug- 
cession,  the  very  nature  of  every  one  of  its  organs  has  changed.  It  is 
needless  now  to  repeat  how  many  different  aystenia  of  nutriti^Kt  ha» 
depended  on — how  many  sorts  of  Btomacha  in  euccesaion  it  has  had — 
how  it  haa  brcatlied  by  a  membrane,  by  gilla^  and  by  lungs — how  it  has 
carried  on  its  circulation  without  a  heart,  with  a  heart  of  one  cavity,  and 
finally  with  one  of  lour.  Through  all  these  lojises  and  changes  the  im- 
material principle  has  passed  unscathed,  and  even  gathering  strength. 
In  the  broadeat  manner  that  a  fact  can  be  set  forth,  we  see  herein  the 
complete  subordination  of  structure  and  the  enduring  character  of  spirit. 
Whatever  may  be  the  raeclianiam  that  is  wanted,  H  is  in  rcadineas  for  its 
time ;  and  when  it  has  rtniahed  its  duty,  is  neglected  and  disappears. 
There  is,  therct'ore,  &  sound  rciison  in  the  conclusion  to  winch  mankind, 
jjerhapa  from  a  mere  instinctive  impresBion,  have  come,  that  the  soul  will 
exist  alter  death,  for,  after  atirviving  so  many  mutations,  the  removid  of 
BO  many  of  wliat  seemed  to  be  its  rirni  and  essential  supports,  we  are  jus- 
tified in  expecting  that  it  will  beat  without  ruin  l]ie  entire  wilhdrawid  of 
the  whole  scafl'olding. 

As  1  Iiave  pointed  out,  we  have  precisely  the  same  reason  for  beUev- 
ing  the  existence  of  tlie  immortal  spirit  that  we  have  for  knowing  that 
there  is  an  external  world.  The  two  facta  are  of  the  same  order.  Of 
the  future  continuance  of  that  external  world,  irrespective  of  ourselves, 
we  entertain  no  doubt;  indeed,  in  certain  casea,  as  in  those  presented  by 
astronomy,  we  are  able  to  tell  its  state  a  thousand  years  hence.  So  long 
as  our  attention  was  confined  to  statical  phyaiology,  every  thing  connect- 
ed with  tlie  subject  now  under  consideration  was  enveloped  in  darkness, 
but  it  will  Ixi  very  different  when  dynamical  physiology  begins  to  be 
cultivated  —  dynamical  phyaiology,  which  speaks  of  the  course  of  life, 
of  organs^  individuals,  and  races.  The  law  of  development  will  guide 
us  to  an  interpretation  of  many  things  which  are  now  shrouded  in  ob- 
scurity, and  tcacii  us,  from  a  consideration  of  what  we  have  learned  of 
our  past,  and  what  we  know  of  our  present,  what  we  may  expect  of  our 
future  state;  and  then  it  will  appear  that  the  universal  opinion  of  the 
ages  and  nations  is  not  a  vulgar  illusion,  but  a  solemn  philosophical  tact. 

So*  therefore,  the  decline  of  the  mental  faculties  with  advancing  years 
is  no  indication  of  the  hebetude  of  the  spirit,  or  premonitory  to  its  rinal 
dissolution.  It  is  only  the  gradual  wearing  out  of  the  instrument,  the 
intervention  of  whicii  has  established  relatioTis  with  the  outer  worlds 
When  a  tool  becomes  blunted  and  old,  the  workman  can  no  longer  man- 
ifest Ilia  former  skill ;  but  the  skill  may  ncvertheleaa  remaui.     Though 
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the  apparatus  for  tlie  reception  of  external  impresBionB,  as  well  as  that 
for  voluntary  action,  may  be  failing,  it  implies  nothing  aa  regards  the 
prime  mover.  The  eye  may  be  dim,  the  ear  dull,  and  touch  imperfect, 
the  voice  may  be  feeble,  and  the  Umbs  trembling,  but  all  this  indicates 
nothing  more  than  that  what  liaa  been  pagsed  through  so  often  before 
is  ahot^Bo  be  passed  through  again.  The  organs  tiiat  have  done  their 
duty  are  to  be  cast  away,  but  the  result  of  their  action  is  to  remain. 

It  may  not,  perhaps,  fall  within  the  proper  compasa  of  a  treatise  on 
physiology  to  speak  of  that  future  condition^  and  yet  so  deeply  ji^p  fy,„^, 
interesting  are  these  subjects  to  all  men  that  a  single  observa-  "'*<*• 
tion  may  in  this  place  be  excused.  The  whole  course  of  life,  from  its 
very  beginning,  has  been  one  of  development  and  concentration.  Wc 
comprehend  this  the  more  perfectly  as  we  extend  our  viewa  beyond  our 
present  state,  and  examine  what  we  have  in  succession  been,  and  in  what 
manner  our  existing  condition  was  reached.  It  is  not  credible  that  that 
system  is  to  be  all  at  once  abandoned,  or  replaced  by  a  contradictory  one. 
Such  is  not  the  style  in  which  the  affairs  oftlie  organic  world  are  at  any 
time  carried  on.  The  slowly  emerging  consequences  of  the  primitive 
law  came  forth  one  after  the  other  in  their  proper  and  unvar^'ing  sequence, 
and  the  law  holds  on  inexorably  forever.  And  since  we  may  say  that, 
tlironghout  tliose  prior  states,  the  idea  aimed  at  is  the  isolation  of  a  con- 
scious intelligence,  every  organ  being  shaped  and  every  function  bent  to 
that  end,  %ve  are  reasonably  led  to  the  expeclation  that  in  a  future  slate 
that  archetype  will  be  eonipletely  reached.  It  would  be  strange  indeed 
if  a  blank  oblivion  should  crown  such  a  work. 


CHAPTER  VI. 

OF  SLEEl'  AND  DEATH. 


Oaitfff  qfUie  Set^siiit^  far  Sif:ep- — Ttx  Dnrniioii  and  M'mnfr  0/  AfprooeA. — ifamstr  of  Awai:- 

ing. — Cini&e  qf  Sight-iUfp. — litctttiiid  ^Va^nlh  rf^mrfd. — Coaaertioa  oj'  fjleeji  and  h'uod^ 
Of  L^ettms;  thfir  Orir/iti  and  P/ienonu^a. — •Somrtambi'iisin.^^^'iff/itmare, 

0/ IfeatL—OlJ  Ayt.—Iattrnm!  Caiisvx  of  Dedint.^ Death  bif  Arrident  and  ty  Old  Aye. — 2V 
lli}>pocrfstw  Fact. — Final  ImensibiiH^. 

1st.   of   BLEEr, 

One  third  of  the  life  of  man  is  spent  in  sleep,  a  condition  of  modified 
sensibility,  in  which  the  mind  pertbmis  its  fiuictionfl  in  an  im- 
perfect way,  and  voluntary  motion  is  nearly  suspended.     This 
state,  (Occupying  so  large  a  portion  of  the  short  period  of  time  allotted  to 
us,  is  therefore  well  deserving  of  the  consideration  of  the  physiologist, 
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and  the  more  so  since  it  presents,  in  the  various  phenomena  of  dreamg, 

significant  ilhistrations  of  the  manner  of  action  of  the  nervous  system. 

All  animals  sleep.  Many,  perhaps  most,  dream.  The  necessity  for  a 
reason  of  repose  ariae3  J'rom  the  preponderance  of  the  ^¥a8te  of  the  sys- 
tem over  its  repair  during  our  waking  hours.  By  bringing  the  animal 
functions  into  a  condition  of  rest,  an  opportunity  ig  afforded  fo^fenova- 
tion,  flnd  the  eq^uilibrium  can  be  maintained. 

In  early  infancy,  when  it  is  necessary  for  tho  nutritive  operations  to  be 
^  ,  ,     carried  forward  with  the  utmost  vieor,  and  attended  with  as 

CauMS  of  the  -^  i        ,  ■     i  ■ 

DecQsdtj-  for    little  waste  as  pos3ible,  the  whole  time  is  spent  in  sleeping 
*''^'  and  eating.     The  waking  period  is  gradually  increased  as  the 

child  advances,  but  not  so  aa  to  make  it  continuous,  for  the  day  is  broken 
into  intervals  of  sleep.  Even  at  tliree  or  four  years  of  age  we  sleep  more 
Duration  and  tlian  once  a  day.  In  mature  lile  eight  hours  arc  on  an  aver- 
iiepih  ofttlMp,  age  required}  but  the  precise  time  varies  with  different  indi- 
viduatSf  and  even  with  the  same  individual  in  ditTerent  constitutional 
states.  Tlie  time  is  not,  however,  always  a  true  measure  of  the  amount 
of  rest,  for  Bleep  varies  very  much  in  the  degree  of  its  completeness  or 
intensity ;  there  ia  a  slumber  go  disturbed  that  we  are  unrefreshed  by  it, 
and  a  sleep  so  profound  that  we  awake  weary.  Old  age,  an  it  advances, 
admonishes  us  to  spare  the  system  as  mncli  as  we  niay,  for  repair  is  con- 
ducted with  difficulty ;  and  this  period,  characterized  by  its  resemblance 
in  so  many  respects  to  childhood,  like  it,  i&  often  marked  by  fcequently- 
recnrring  and  prolonged  slumber.  Moreover,  various  accidental  and 
other  circumstances  arc  liable  at  all  times  to  disturb  itg  proper  pcriodic- 
ity^a  warm  afternoon,  a  hearty  dinner,  an  ill-ventilated  apartment,  mo- 
notonous sounds,  the  attention  devoted  to  one  object,  bodily  quiescence, 
ceasing  to  think,  the  UBe  of  narcotics,  extreme  cold,  a  horizontal  posi- 
tion, i&C. 

Sleep  ia  commonly  preceded  hy  a  sense  of  drowsiness  of  more  or  leas 
Approftch  tif  intensity,  which  is  gradually  followed  by  a  loss  of  sensibility. 
Bleep.  Objects  cease  to  make  au  impression  on  the  eyes,  the  lids  be- 

come heavy  and  close.  If  we  are  not  in  tiic  horizontal  position,  but  re- 
quire muaeular  support,  as  in  sitting,  the  head  droops,  and  the  hands  seek 
a  support.  Successively  the  senses  of  smelling,  hearing,  and  touch  pass 
away,  as  the  sight  has  done  ;  but,  before  this  progress  ia  completed,  we 
start  at  any  sound  or  disturbance,  voluntary  muscular  action  being  in- 
stantly assumed,  though  hi  the  midst  of  a  surprise.  We  are  nodding.  If 
we  are  in  the  horizontal  position,  as  in  bed,  the  body  is  thrown  into  a 
form  requiring  the  least  muscular  exertion — the  limbs  are  semitlexed. 
Afl  eight,  smell,  hearing,  touch,  again  in  succession  fail,  all  voluntary  mo- 
tions cease,  those  which  are  now  executed  being  of  a  purely  automatie 
^nd.     The  eyes  are  turned  upward  and  inward,  the  iris  is  contracted. 
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the  heart  and  ihe  lungs  act  more  slowly  but  more  powerfully ;  a  gentle 
delirium,  which  exists  while  the  centTes  of  the  specitil  senses  are  coming 
into  repose,  introduces  iia  to  profound  and  unconsciaug  eleep- 

This  condition  of  profound  sleep,  though  it  may  be  quickly,  is  yet 
gradually  readied  by  paasing  tlirougb  certain  well-marked  progresi*  of 
stages*  'Once  gained,  we  sleep  with  heaviness  in  the  early  njght-slwp. 
part  of  the  night,  and  more  and  more  lightly  as  morning  approaches. 
It  would,  however,  be  erroneous  to  suppose  that  this  falling  into  insensi- 
bility and  awakening  are  jjeri'eetly  continuous  events  ;  there  are,  undoubt- 
edly, subordinate  periods  of  more  and  less  complete  repose,  but  under 
no  circumstances  are  we  ever  aware  that  we  are  asleep. 

At  any  time  of  the  night  sleep  may  he  abruptly  broken,  the  mind  re- 
suming  its  power  after  passing  through  a  momentary  interval  ir^nnpr  of 
of  confusion.  Toward  tne  close  of  the  customary  time,  ihe  *«'*k«niiis. 
senses  resume  their  power  in  an  order  inverse  to  that  in  which  they  lost 
it — the  touch,  the  hearing,  the  smell,  the  sight.  For  a  short  jieriod  after 
awakening,  the  organs  seem  to  be  in  a  state  of  unusual  acnteness,  more 
particularly  that  of  aight — an  effect  arising  from  the  obliteration  of  the 
vestiges  of  old  impressions.  From  profound  sleep  we  pass  to  the  wak- 
ing state  through  an  intermediate  condition  of  slumber.  In  the  former, 
the  movententa  wliich  we  may  e:sccute,  under  the  influence  of  external 
impressions,  are  wholly  of  an  automatic  kind,  such  aa  turning  in  bed  in 
various  position.'*.  The  length  of  time  spent  in  sleep  and  slumber  re- 
spectively is  by  no  means  constant,  many  causes  increasing  the  one  at 
the  expense  of  the  other.  On  awakening,  we  are  apt  to  indulge  in  cer- 
tain muscular  movements — we  rub  our  eyes,  stretch,  and  yawn.  If  we 
are  suddenly  aroused,  our  motions  are  feeble  and  uncertain  on  attempt- 
ing to  walk  at  once  ;  but  if  we  spontaneously  awake  at  an  unusual  period, 
and  more  particularly  if  it  be  toward  the  morning,  we  commonly  remark 
a  cleameaa  of  intellect  or  mental  power.  Many  of  our  most  judicious 
and  correct  conclusions  occur  to  us  under  these  circumstances. 

Though  it  is  said  that  the  sleep  of  man  lasts  about  eight  hours,  there 
are  many  variations.    Authentic  cases  are  on  record  in  v.*hich  ,,    -  . 

mdividuals  have,  tor  a  considerable  time  and  apparently  with-  niinimntn 
out  injury,  slept  only  for  one  hour,  and  others  in  which  that  ^  ^'  ^  *  ™^' 
wtate  has  been  prolonged  for  an  entire  week.  JIan  shows  much  greater 
difterences  than  other  animals;  birds,  for  instance,  sleep  lightly,  and  cold- 
blooded animals  generally  profoundly.  Since  the  object  of  eleftp  is  to 
afford  an  opportunity  for  repairing  the  waste  of  the  system,  the  length 
of  the  needful  time  de|>enda  on  conditions  that  are  themselves  variable: 
the  extent  of  the  antecedent  waste,  and  the  rapidity  of  the  repair.  In 
winter  we  sleep  longer  and  usually  deeper  than  in  summer,  for  the  hour- 
ly waste  in  winter  is  greater.     Habit,  however,,  controls  us  very  much. 
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It  has  been  supposed  by  some  that  it  is  to  habit  that  our  tendency  to 
Ci,iueof  nigbt-  sleep  at  night  ia  to  be  imputed.  It  ia,  Iiowever,  more  proiierly 
sleep.  ^Q  |jg  attributed  to  the  oi"diiiary  circumstances  of  our  lii'e — the 

day  being  spent  in  muscular  or  mental  exercise,  since  wq,  can  then  sec 
to  perform  our  duties,  and  this  tax  ujion  tlie  system  being  necessarili- 
followed  by  a  feeling  of  weariness.  Those  animals  which  seek  their  fooil 
in  the  dark  sleep  by  day.  It  ia  not,  thereibrc,  to  any  external  physical 
condition  that  we  should  impute  our  nocturnal  eleep,  but  to  tlie  interior 
condition  of  our  system,  though  it  is  q^uite  true  that  physical  agents, 
such  a$  cold,  and  others  tliat  have  been  mentioned,  will  provoke  a  sensa- 
tion oi'  drowsiness. 

In  sleep  we  require  additional  warmth,  and  this  we  obtain  by  instmct- 
I  'rt*8eil  ively  using  more  clothing  for  tlie  puipo,se  of  eeonomizing  the 
warmib  re-  animal  heat.  The  amount  of  calonc  generated  in  the  system 
q  infieep.  jg  diminished  through  thti  cessation  of  muscular  exercise, 
and  therefore  reduction  of  decay.  Tlie  same  may  be  said,  to  a  certain 
extent,  of  the  waste  of  the  brain  through  its  intellectual  acts,  and  of  the 
nervous  system  generally.  This  diniinisjicd  amount  of  interstitial  death 
corresponds  witii  a  diminished  respiration,  the  hourly  amount  of  oxygen 
consumed  exhibiting  a  dcclhie.  The  negro,  who  is  much  more  sensitive 
than  tlie  white  man  to  this  decline  of  temperature,  instinctively  envelops 
hia  head  with  clothing,  so  tltat  the  air  may  be  warmed  by  its  contact 
therewith  before  it  enters  the  respiratory  organs^  For  the  same  reason, 
he  sleeps  with  hia  head  toward  the  fire,  while  the  white  man  sleeps  with 
lus  away.  Un  similar  principles  we  may  account  for  the  control  whidi 
food  has  over  sleep,  the  one  seeming,  to  a  certain  degree,  to  replace  the 
other.  Tiie  French  proverb  says,  ^'Ile  who  sleeps,  dines/'  and  this  is 
Uniforniity  of  true  ;  foT  during  sleep  the  waste  of  the  system  is  reduced  to 
ed^wish'utiT- "  ^  minimum,  and  the  necessity  for  food  correspondingly  di- 
fcmiiijorfooii.  minished,  Tiie  quality  of  the  Ibod  likewise  exerts  an  influ- 
ence on  the  length  of  sleep,  for  that  wliich  is  of  a  nutiitjous  kind,  and 
easily  a^isimilatcd,  can  more  spccdiliy  execute  whatever  repairs  the  ays- 
tcm  may  demand.  It  is  probably  owing  to  Ida  variable  diet  that,  even 
in  &  state  of  perfect  health,  man  is  so  variable  a  sleeper,  and  that  ani- 
mals, the  nature  of  whose  food  is  so  constant,  sleep  with  so  much  uni- 
formity. 

hy  some  it  has  been  supposed  that  the  amount  of  sleep  required  by 
difierent  animals  is  dependent  upon  the  size  of  their  brain;  but  if  wc 
keep  in  view  that  the  object  of  sleep  is  the  repair  of  waste,  and  tliat  this 
is  accomplished  by  the  agency  of  the  different  niccbanisms  involved  in 
organic  life,  we  can  easily  sec  tliat  such  a  statement  can  not  be  true.  Its 
fallacy  appears  from  common  observation,,  apart  from  any  phrsiological 
considerations.     The  brain  of  a  turtle  or  of  a  serpent  is  relatively  small, 
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and  yet  tlioae  animals  sleep  long  aiid  profoundij^ ;  but  if  we  reflect  on 
how  many  ditierenit  conditions,  external  and  inlernal^  the  repair  of  waatt' 
depends,  we  shall  see  tliat  the  time  of  sleep  can  not  liave  axty  sueli  arbi- 
trary measure  as  that  of  the  size  of  the  brain.  Among  external  causes 
which  influence  the  rate  of  repair  may  be  mentioned  the  digestibility  of 
the  food,  some  varieties  of  wiiieli,  by  reason  of  their  chemical  or  physi- 
cal qualities,  yield  more  alawly  than  otliers.  The  internal  cauaea  are  very 
numerous  :  the  size  of  the  digestive  organs  in  relation  to  the  c'un,]iii^„j  ^t 
bodyt  and  the  energy  witli  which  tiieir  function  is  accom-  iheduTOtionof 
pliished;  tlie  condition  of  development  of  the  absorbent  sya-  ^'^^^' 
tern,  and  the  rapidity  of  its  action;  the  rate  of  the  circidation  of  the 
blood,  which  hurries  the  nutritive  supply  in  its  course ;  the  amount  of 
oxygen  introduced  into  the  system  by  t  tie  respiratory  apparatus,  whicli 
dischargea,  as  we  liave  elftwhere  explained,  the  double  function  of  re- 
moving the  wasted  products  of  decay,  and  of  grouping  into  appropriate 
ibrma,  so  as  to  be  available  for  their  uses,  the  elements  oi"  nutrition  that 
arc  being  introduced.  All  these,  and  other  conditions  that  might  be 
named,  determine  the  rate  at  which  rcp;nr  can  be  executed,  and  therefore 
the  necessary  duration  of  sleep.  If,  out  of  these  various  elements,  we 
were  to  ielect  one  which  would  represent  it,  the  activity  of  the  respira- 
tory organs  would  atford  a  more  accurate  nieaauie  than  the  &uc  of  the 
brain. 

As  the  necessary  repairs  are  accomplished,  we  paaa  through  a  condi- 
tion of  slumber,  and  our  organs  gradually  awake  in  tlie  manner  that  has 
been  described.  It  Is  during  this  intermediate  passage,  that  is,  toward 
the  nioming  chiefly,  as  the  brain  ig  resuming  its  functions,  ofdrpamaT 
that  dreams  occur.  They  may,  however,  hapjjen  at  any  other  ''i'^'''  orLipii. 
period  of  the  niglit,  though  then  they  arc  liable  to  present  greater  in- 
congmities  and  more  obvious  violations  of  the  proper  order  of  events. 
It  is  quite  correct  that  morning  dreams  are  more  likely  to  be  prophetit;, 
for  they  are  more  likely  to  be  in  themselves  true. 

Dre^^ima  never  strike  us  with  surjjrise,  no  matter  what  may  be  the  ex- 
traordinary iscenery  tiicy  present — no  matter  how  great  the  violations  of 
truth  and  reality.  The  dead  nmy  appear  with  the  most  astonishing  tlear- 
nesB  ;  their  voices,  perhaps  long  forgotten,  may  be  heard ;  we  may  be 
transported  to  places  where  we  have  spent  past  years  of  our  lives  ;  com- 
binations of  the  moat  grotesque  and  impossible  kinds  may  be  spread  be- 
fore us :  we  accept  all  as  reality,  perhaps  not  even  suspecting  that  we 
dream.  T]ie  germs  from  which  have  originated  all  these  strange  com- 
binations  are  impressions  stored  up  in  the  registering  ganglia  of  the  brain, 
more  particularly  in  its  optic  ihalanii.  These,  aa  outward  impressions 
have  for  the  time  ceased,  arc  enabled  to  attract  the  attention  of  the  mind, 
and  emerge  from  their  hiterit  state.     That  all  dreams  originate  in  such 
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impresHions  is  illuatrnte^  by  tlie  history  of  the  blind,  who  still  dream 
of  things  that  tliey  formerly  saw.  Thus  it  ia  stated  that  Huber,  after 
he  had  been  blind  for  fifty  yearSj  still  dreamed  of  tilings  he  had  aeen 
when  a  boy.  Jiut  little  explanation  can  be  given  of  the  manner  in  which 
these  vestiges  may  be  grouped — a  grouping  which  ia  bo  frequently  in  vi- 
olation of  all  correctTiess  that  a  dream  which  presents  lis  with  a  logical 
sequence  of  events^  and  which  we  recognize  on  awakening  to  he  natu- 
rally tme^  is  sure  to  be  an  impressive  one ;  and  yet  we  can  not  doubt 
that  the  causes  which  suggest  dreams  are  often  purely  physical,  as  when, 
in  drop-sy  of  the  chest,  the  dreamer  fancies  he  is  drowning,  or  even  suf- 
fers under  the  same  delusion  when  his  hand  is  clipped  in  water ;  or  when 
a  candle  is  carried  into  the  room,  and  he  awakens  stricken  with  terror 
that  the  house  is  on  fire ;  or,  on  the  occurrence  of  noisCt  lie  believes  that 
he  is  in  a  thunder-storm,  or,  perhaps,  on  a  field  of  battle.  Hence  arises 
an  automatism  which  becomes  moat  striking  wh^n  the  dreamer  answers 
questions  put  in  a  whisper  to  him,  an  incident  of  wliich  eases  are  record- 
ed in  which  individuals  have  revealed  impoTtaiat  events  of  their  lives, 
which,  when  waking,  they  would  never  have  divulged. 

Automatic  actions  are  usually  considered  as  occurring  witliout  sensa- 
tion, but  this,  in  some  instances,  as  in  those  now  before  us,  can  not  be 
regarded  as  altogether  true. 

Suggested  thus  by  external  circumstances,  or  arising  aponfanconsly 
Deeepilve  an-  without  any  obvious  cause,  dream.'*  pass  before  ns  with  an 
pBardnce  ^Jf  aij-  of  tmthfulness  so  imposing  that  wc  never  suspect  their 
fallacies.  It  may  be  truly  said  tiiat  they  ha,ve  a  logic  ot 
their  own.  Indeed,  so  complete  is  the  illusion,  that  instances  are  not 
wanting,  and  many  have  been  recorded,  in  which,  at  tlie  moment  of 
awakening,  the  sleeper  has  been  struck  with  the  correctness  of  the  con- 
clusions to  whidi  he  had  arrived,  and  it  was  not  until  he  had  recovered 
from  the  delirious  confusion  of  the  moment,  and  reason  had  reaunied  her 
sway,  that  he  perceived  how  incorrect  they  were.  Thus  great  mathe- 
maticians have  thought  they  had  solved  difficult  problems,  poets  that 
they  had  composed  stanzas  of  force  and  beauty ;  but  these,  on  a  mo- 
ment's reflection,  they  have  discovered  to  be  an  inconsequent  flow  of 
ideas,  and  mere  nonsense.  A  few  exceptions  undoubtedly  have  occur- 
red, a3  in  the  case  of  Mr.  Coleridge,  who  affirms  tliat,  under  these  cir- 
cumstances, he  composed  Kublai  Khan,  and  remembered  it  in  part  on 
awaking*  The  French  m.atheniatician,  Condorcet,  makes  the  same  state- 
ment with  respect  to  several  of  his  writings. 

One  of  the  most  extraordinary  phenomena  presented  in  the  dreaming 
insuntdneom  state  IS  the  instantaneous  manuer  in  which  a  long  series  ot 
■  kt^g'tl^^^or  events  may  be  offered  to  the  mind,  the  exciting  cause  being 
ereau.  truly  of  only  a  momenta^  duration*     Some  sudden  noise 
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arooaea  us,  antl,  in  tlie  act  of  waking,  a  long  drama  connected  with  that 
noiae  appears  Leforc  us ;  or*  in  like  mannor,  we  are  distxubed  perliapa  by 
a  ilasb  of  lightning,  and  with  that  ii&ah.  occura  a  dream  which  seems  to 
ua  to  occupy  a  space  of  hours  or  even  days,  so  many  are  the  incidents 
with  which  it  is  filled.  It  has  long  "been  known  that  a  like  peculiarity 
has  offered  itself  to  tiiose  who  have  suffered  by  drownuig,  and  have  been 
subsequently  restored.  They  have  related  that  in  their  moment  of  aa- 
preme  agony,  the  whole  aeries  of  events  of  their  past  life  has,  aa  it  were, 
riowed  in  an  instant  npou  thera  with  the  most  appalling  vividness,  their 
good  and  evil  works,  and  even  the  moat  trifling  incidents  prcaenling 
themaelves  with  distinctness — a  tide  of  memory.  And  doubtless  it  is 
owing  to  like  cauaea  that,  under  the  influence  of  opium  or  other  narcotic 
drugs,  the  relations  of  space  and  time  arc  so  totally  destroyed  that  we 
seem  to  live  through  a  century  in  a  single  nighty  or  to  take  in  our  view 
scenery,  the  distances  and  magnitudes  of  whicli  are  utterly  beyond  the 
reach  of  mortal  vision.  It  has  been  truly  said  that  the  province  of 
dreams  is  one  of  intense  cxa^eration.  It  la  so  in  a  double  sense,  for 
with  equal  facility  we  spread  out  a  single  and  perhaps  in-  ^^^  gnrcadin 
signiiicant  circumstance,  so  that  it  occupiea  t]ie  entire  night,  ofomiiiicaover 
or  we  crowd  a  thousand  strange,  though  perliaps  connected,  "  ^^'^  ""*' 
representations  into  the  twinkling  of  an  eye.  Nor  is  it  by  any  means 
the  least  extraordinary  part  of  tiicse  wonderj'ul  facta  that  the  mind  occu- 
pies itself  in  an  undiverted  and  unbroken  manner  tor  so  long  a  time, 
with  an  insignificant  idea  in  the  one  cage,  and  perceives,  with  miraculous 
perspicuity,  the  rapidly  disappearing  occurrences  in  the  other;  that  of  a 
majority  of  dreams  it  retains  no  precise  recoUeetion,  though  they  may 
have  been  presented  with  an  intense  energy,  as  we  are  assured  from  the 
impression  of  dread  or  melancholy,  or  even  the  physical  results  they 
liave  left,  as  when  we  awake  and  feel  the  lieart  tlu-obbing  Forflfltfulnesi 
violently  and  the  whole  frame  trembling  with  terror,  yet  can  of  ^J^eains- 
not,  with  the  utmost  exertion  of  meuiory,  i-ecoUect  what  it  was  that  we 
saw.  The  remembrance  of  dreams  by  no  nieaiia,  tlierefore,  depends  on 
the  intent^ity  of  the  impression  that  they  made  for  the  time ;  doubtless 
the  majority  of  them  are  forgotten  and  can  never  be  recalled.  In  some 
instances,  which  almost  every  one  can  recall,  we  dream  a  second  time  the 
same  dream  which  we  failed  to  remember  when  awake,  and,  it  ia  said, 
even  occasionally  dream  that  we  are  dreaming. 

Our  mental  cajiability  for  recalling  the  scenes  tiiat  have  occupied  ue 
in,  our  sleep  is  therefore  dependent  upon  something  more  than  the  depth 
of  t]iG  impression  they  have  made-  Whether  it  be,  as  some  suppose, 
through  an  inertness  of  tlic  mind,  an  incapability  or  indisposition  of  pay- 
ing attention  to  the  things  thus  presented  to  it^  or  whether  it  be  that, 
through  accideulal  causes,  the  vcstlgea  of  impressiom^  remaining  in  the 
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Optic  fhiUami  are  brought  out  eoTnetimes  with  more  and  eotnetimea  with 
less  force,  there  is  every  grade  of  intensity  presented,  from  those  dotting 
indistinct  aerial  flcenes,  which  seem  Bcarcely  to  leave  the  slightest  trace 
behind  them,  to  those  which,  in  spite  of  their  ontraging  all  reality,  and 
even  all  probability,  leave  us  in  a  hoiror-striclten  state ;  such  as,  for  ex- 
ample, the  celebrated  dream  of  the  Emperor  Caligula,  in  which  he  thought 
that  the  sea  spoke  to  him*  Yet  there  can  be  no  doubt  that  in  all  these 
casesj  no  matter  how  indistinct  or  energetic,  how  false  or  how  true,  how 
^       .  harmonious  as  a  whole,  or  how  contradictory  and  grotesque, 

Aer  nhicti  tKc  elements  of  which  all  drcama  are  cotnposed  are  irapres- 
Oreanis  anae.  ^j^^^^  ^^  things  that  wc  have  sccn  or  heard,  or  which  have 
been  otherwise  submitted  to  the  BCnses,  the  traces  of  which  still  remain 
imprinted  in  the  registering  ganglia  of  the  brain.  During  the  day,  while 
we  are  exposed  to  light,  and  sounds,  and  other  sources  of  disturbance,  the 
impressions  arising  tlierefrom  totally  overpower,  by  reason  of  tlieir  new- 
ness and  intensity,  these  nncicnt  residues,  so  that  the  attention  of  the 
mind,  in  a  state  of  health,  is  never  directed  to  them  ;  but  when  we  close 
our  eyes  in  the  silence  of  night,  all  such  external  impressions  are  at  an 
end,  the  organs  of  sense,  fnght,  hearing,  smell,  and  touch,  are  flucceasire- 
ly  benumbed,  and  there  is  nothing  to  prevent  the  mind  thus  separated 
from  outer  tilings  from  occupying  itself  with  these  old  imprcssionat  any 
one  or  more  of  which,  through  accidental  circumstances,  presents  itself 
in  vigor,  and  a  dream  ia  the  result. 

The  phenomena  of  dreams  therefore  illustrate,  in  a  significont  manner, 
the  remarks  that  we  have  made  respecting  the  functions  of  the  cephalic 
ganglia  of  insects  as  magazines  for  the  registry  of  impressions  received 
by  the  organs  of  sense.  No  cxplunation  of  dreaming  can  be  [wsaibly 
given  without  admitting  for  a  part  of  the  human  brain  a  like  duty.  The 
important  advantages  wliicli  accrue  to  our  physiological  explanations  of 
(he  action  of  the  human  mind  from  the  admission  of  this  doctrine  have 
already  been  dwelt  upon. 

Connected  with  dreams,  and  being,  indeed,  a  dream  carried  Into  action, 
3«nnam!ni-  ^^  somnambulism,  or  sleep-walking,  of  wliich  thei-e  are  several 
''*™-  grades,  from  mere  sleep-conversation  and  sleep-crying  to  the 

victual  performance  of  difficult  and  even  hazardous  feats.  The  young  in" 
fant  evinces  its  discomforts  by  crying  in  its  slumber,  yet  it  can  be  com- 
forted without  awaking  by  the  well-known  voice  of  its  mother.  Chil- 
dren often  show  a  propenp.ity  to  talking  in  their  sleep,  and  can  sometimes 
be  brought  to  give  a  few  rational  replies  to  inquiries  put  to  them.  At 
their  time  of  life,  the  disposition  is  more  frequently  manifested  to  get  out 
of  bed  and  move  about  the  house,  or  even  out  into  the  open  air  under  the 
influence  of  a  dream.  When  sleep-walking  occurs  in  the  adult,  it  is  lia- 
ble to  be  accompanied  by  actions  of  an  apparently  connected  kind,  though 
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tlieir  object  may  bo  quite  tTivtal,  and  in  ita  attainment  considerable  risks 
may  be  run.  In  these  cases  it  acenig  as  if  the  mind  was  absolutely  wrap- 
jjed  up  in  one  idea,  and  wholly  unable  to  comprehend  any  thing  eke.  If 
rhe  eyea  of  the  floninanibulist  are  wide  open,  lie  sees  nothing,  and  even 
though  a  bright  light  be  presented  before  him,  the  iris  will  not  contract, 
yet  he  moves  about  in  a  manner  as  if  he  were,  in  one  respect,  guided  by 
understanding,  the  air  of  liis  movements  being  as  if  be  knew  wiiat  he 
was  about,  yet  in  another  respect  as  though  he  wag  impelled  by  the 
most  unaccountable  folly,  walking  along  the  roof  of  the  house,  seating 
liimscll"  on  tlie  chimney,  and  finding  his  way  in  safety  over  precipitous 
place.?,  past  which  it  would  be  inipossibie  he  should  go  if  awake,  no  mat- 
ter how  steiidy  his  head  might  be.  Besides  thia  complete  condition  of 
somnambulism  there  are  intermediate  forms,  during  which  the  various 
senses  of  seeing,  liearing,  etc.,  are  in  partial  activity.  There  arc  also 
(liffcrences  in  the  intensity  or  depth  of  the  state,  as  is  eliown  by  the  ease 
or  ditficulty  with  which  tlie  individual  is  aroused ;  Bometimes  to  spejik 
to  him  ia  enough,  eomelimea  he  must  be  violently  shaken  or  otherwise 
roughly  treated.  It  has  been  observed  In  some  cases  tliat  where  tiie  pa- 
tient spontaneously  wakens  under  circumstances  that  affright  him,  he  is 
at  once  broken  of  the  habit. 

AVitk  dreams  and  somnambulism  is  also  to  be  classed  that  sensation 
wiiich  often  surprises  and  disturbs  us  when  we  are  just  passing  sensoiign 
into  sleep,  a  sensation  as  though  we  were  suddenly  falling  down  **■  tallijig. 
stairs.  This,  with  some  j)ersona,  is  of  almost  nightly  occurrence.  Its 
opposite,  an  inability  to  move,  as  though  we  were  oppressed  by  some 
great  weaglit,  or  spell-bound  in  some  incomprehensible  way,  is  nightmare. 
In  this  distressing  aftcction  there  is  a  sense  of  oppression  at  NightmBra: 
the  epigastrium,  and  a  ditftcidty,  or  rather  impossibility,  of  "■  «"»»■ 
moving  or  speaking.  A  tirightfnl  dream,  in  wliich  some  alarming  object 
ia  depicted  with  intolerable  distinctness,  accompanies  these  symptoms, 
tiie  attack  terminating  by  a  struggle  to  shake  off  the  object  of  dread,  or 
to  escape  by  flight,  or  to  apeak.  On  awaking,  the  sufferer  linds  himself 
trembling  with  terror,  the  respiration  Jmrricd,  and  the  heart  throbbing 
violently.  The  intellectnal  faculties  are  on  diflcrent  oecasionp  in  vari- 
ous states  of  activity,  and  sometimes  the  dream,  and  our  actions  conse- 
cjuent  upon  it,  offer  no  violation  of  reason.  Indeed,  some  individuals  are 
affected  by  this  trouble  during  the  daytime,  when  they  are  wide  awake 
and  perfectly  aware  of  what  is  going  on  ;  but,  whether  it  occurs  by  night 
or  by  day,  the  sentiment  with  which  it  opprosfjes  in  that  of  unspeakable 
dread.  Ijven  at  night  wc  sometimes  are  conscious  of  ita  approach,  wlien 
we  are  in  the  intermediate  state  between  sleeping  and  waking. 

The  cause  of  nightmare,  in  all  ita  variety  of  forms,  is  disturbance  of 
the  respiratory  function,  which,  by  interfering  with  the  arterial  ization  of 


560  OF    DEATH. 

tlie  lilood,  affects  the  brain.  This  diHturbance  may  be  brought  on  in 
luatiy  ways,  as  by  the  pressure  of  the  stomach  after  a  hearty  supper,  or 
in  diseased  conditions,  &uch  as  hydiDthorax ;  but  it  is  popularly  supposed, 
where  these  morbid  conditions  are  not  obviously  concerned,  to  be  attrib- 
uted to  sleeping  on  the  back.  Though  this  is  undoubtedly  true  in  a 
great  many  inatancea,  it  is  very  far  from  being  an  essential  condition,  for 
nightmare  may  occur  in  any  position  that  the  sleeper  may  jjossibly  as- 
sume. The  restraint  upon  the  arlerifdijiation  of  the  blood,  which  appears 
to  be  its  essential  condition,  interferes  with  the  circulation  through  the 
lungs  on,  the  principles  that  have  been  described  in  a  preceding  chapter, 
nor  cflu  the  heart  force  a  passage,  however  violently  it  may  tlirob.  The 
effect  depends  not  &o  inucli  upon  the  apparent  rate  and  power  with  which 
the  respiration  is  going  on,  for  any  erabarraBsment  or  difficulty  in  the  in- 
troduction of  air  merely  leads  to  snoring,  which  is  in  no  manner  connected 
with  nightmare.  The  cause  of  thia  latter  affection  ia  to  be  sought  for  in 
the  air-ceUs,  which  are  unable  to  rid  themselves,  with  their  accustomed 
facility,  of  the  carbonic  acid  and  other  effete  products  of  respiration  which 
tlmy  contain. 

2d.    of   n-EATH. 

At  ail  periods  of  life,  the  tiuictional  activity  of  the  system  occasions  b 
Co  riititin  nf  '^'"^*^  *^^  't^  tissues  bj  thc  iiitcrstitial  deiilh  of  their  parts,  and 
haalthy  equi-  tJierefore  involves  a  necessity  of  repair.  Ho  long  aa  the  repa- 
ration balances  the  waste,  a  healthy  equilibrium  is  maintained ; 
but  when  the  nutritive  powers  decline,  as  old  age  approaches,  a  gradual 
deterioration  of  the  syt^tem  ensues. 

The  jxiriod  of  greatest  activity  is  also  that  of  greatest  waste,  and  of 
tlie  niortt  active  and  perfect  repair,  interstitial  death  and  the  removal  of 
decayed  material  then  occurriaig  in  the  most  rapid  manner.  The  energy 
of  life  is  thus  dependent  on  the  amount  and  completeness  of  death. 

At  a  later  jieriod,  with  advancing  ycara,  although  the  loss  of  substance 
through  functional  activity  may  be  lessened,  the  renewal  and  rcatoration 
of  the  portions  whitU  are  necessarily  consumed  are  far  more  than  corre- 
spondingly diminished.  We  thus  beeonie  incapacitated  corporeally  and 
mentally,  and,  if  no  accident  intervenes,  we  die  tlu-ough  mere  old  age. 

On  several  occasions  we  have  already  noticed  the  analogy  between  the 
Deith  of  s  li'j^  of  individuals  and  that  of  species.  An  analogy  also  may 
molecuKtifan  ^q  traced  in  the  circumstances  and  causes  of  their  death,  for 
sLhm,afA  the  discoveries  of  geology  abundantly  show  that  thousands 
BpcacB.  Qf  species  in  the  organic  scries  have  become  extinct.     The 

death  of  a  constituent  moleeulc  in  an  animal  body,  tlie  death  of  the  in- 
dividual animal  itself,  the  death  of  the  species  to  wliich  it  belongs,  are 
all  philoBopJiicnl  lacta  of  the  same  kind,  though  presenting^  perhaps,  in 
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iheir  aspect  a  difference  of  interest  aiid  importance.     The  dcatii  of  indi- 
viduals, aa  liaa  been  said,  may  occur  ia  two  ways,  by  acci-  upaiii  from  ce- 
dent or  l>y  old  age.    But  death  from  old  age  ia  very  unusual,  cident  and  by 
for  even  in  the  case  of  those  wiio  are  very  far  advanced  in  °    '^^^' 
life,  its  close  is  ordinarily  brought  about  by  some  lesion  or  derartgement 
of  the  vital  organs^  tliua,  in  reality,  constituting  accidental  death. 

]Mo.st  men  desire  that  their  linal  scene  may  be  attended  with  as  little 
dcranEement  as  possible  of  their  ordinary  mental  powers,  and 
tliat  it  may  be  very  brief,  if  tins  constitute  the  euthanasia, 
or  happy  death,  it  certainly  can  not  be  thought  that  extreme  old  age  is 
desirable,  constituting,  aa  it  does,  a  long-con  tit  lued  and  dreary  disease. 
The  senaea  fail  us  in  the  same  manner  and  in  the  same  order  that  they 
do  when  we  are  falling  asleep,  their  gradual  deterioration  bringing  ua  back 
to  the  hel]>Ieaaiies3  and  imbecility  of  infancy.  In  the  long  interval  dxH' 
ing  which  this  is  going  on,  the  aged  man  is  not  only  a  V>urden  to  liimBelf, 
but  a  sad  spectacle  to  every  one  around  him  ;  his  perceptions  are  being 
gradually  blunted  ;  and  though  he  if»,  as  it  were,  by  degrees  passing  into 
a  final  slumber,  it  is  in  that  disturbed  way  which  all  have  witnessed  when 
they  fall  asleep  after  severe  fatigue. 

The  different  portions  of  the  body  die  in  Buccca.*(ion :  the  system  of 
animal  life  before  that  of  ors'anic,  and  of  the  fomipr  the  sens- 
ory  functions  tail  first,  voluntary  motion  next,  while  the  pow- 
er of  muiscular  contraction  under  external  stimulus  islill  feebly  continues. 
The  blood,  in  gradual  death,  first  ccaaea  to  reach  the  exlremilici,  its  pulsa- 
tions becoming  less  and  less  enei^ctic,  so  that,  failing  to  gain  the  periph- 
ery', it  paasea  but  a  little  way  from  the  heart;  the  feet  and  hands  become 
cold  aa  the  circulating  fluid  leaves  tliem,  the  decline  of  temperature  gradu- 
ally invading  tbo  interior.  No  one  has  ever  yet  offered  a  more  accurate 
picture  of  the  appearance  of  the  dying  than  tliat  presented  by  Hippocrates: 
"  If  tlie  patient  lies  on  his  back.,  Iiia  arms  stretclicd  out,  and  his  legs 
hanging  down,  it  ia  a  sign  of  great  weakness ;  when  he  slides  down  in 
the  Ijed  it  denotes  death.  If.  in  a  burning  fever^  he  is  continually  feel- 
ijig  about  with  his  hands  and  fingers,  and  moves  t!icm  up  before  his  face 
and  eyes  as  if  he  were  going  to  take  away  something  before  them,  or  on 
ills  hed-covcring  as  if  he  was  picking  or  searching  for  little  straws,  or 
takuig  away  some  speck,  or  drawing  out  little  tlocks  of  wool,  all  this  is 
a  sign  that  he  is  delirious,  and  that  he  will  die.  When  hia  lips  hang 
relaxed  and  cold,  when  he  can  not  liear  tlie  light^  when  he  sheds  tears 
involuntardy,  when,  doairig,  some  part  of  the  white  of  the  eye  is  seen,  un- 
less he  usually  sleeps  in  that  manner,  these  signs  prognosticate  danger. 
When  his  eyes  are  sparklmg,  fierce,  and  fixed,  he  ia  delirious,  tiie  Hippo- 
or  soon  will  be  so ;  when  they  arc  deadened,  as  it  were,  with  ""^''^  ^"*- 
a.  mist  spread  over  them,  gr  their  brightness  Iost|H  it  presages  death  or 
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great  weakness.  WJien  the  patient  has  his  nose  ^harp,  his  ejes  sunk» 
Ilia  temples  hollow,  his  eara  cold  and  contracted,  the  skin  of  his  forehead 
tense  and  diy,  and  the  color  of  his  face  tending  to  a  pale  green  or  leaden 
tint,  one  may  give  out  for  certain  that  death  is  very  near,  unless  the 
strength  of  the  patient  has  been  exhausted  all  at  once  by  long  walchings, 
or  by  a  looseness,  or  being  a  long  time  without  eating/' 

Even  after  death  some  of  the  organic  functions  continue  for  a  time, 
Pow-mortero  more  particularly  secretion  and  the  development  of  heat.  In 
("SiTmid'p^  *  former  chapter,  page  444,  the  capability  of  extraordinary 
aioiw.  muscular  motions  has  been  referred  to.     From  other  inter- 

esting observations  on  those  who  have  been  instantaneously  decapitated 
by  the  guillotine,  it  has  been  asserted  that  the  body  can  display  what 
has  been  termed  post-mortem  passion  and  resentment.  It  may,  lijowever* 
be  doubted  whether  this  is  really  true.  Perhaps  these  effects  arc  only 
analogous  to  those  convulsive  manifestations  which  may  be  easily  pro^ 
duced,  in  an  intensely  interesting  way,  by  the  application  of  voltaic  bat- 
teries to  those  who  have  been  dead  for  some  time. 

Physiologists  often  quote  the  sentiment  of  Montaigne,  "With  how 
■        .,,,..       little  anxiety  do  we  lose  the  consciousness  of  light  and  of 

[nsBiLnibili  I  y  '*  ° 

iwfiiro  tiie  ouiii  ourselves."  By  this  they  would  convey  the  idea  that  the 
*^"^'  act  of  dying  is  as  painless  aa  the  act  of  falling  asleep,  and 

also  as  little  perceived.  They  recall  the  fact  which  seems  to  support 
this  view,  that  those  who  have  been  recovered  after  apparent  death  trom 
drowning,  and  after  sensation  has  been  totally  lost,  report  tliat  they  Iiave 
experienced  no  pain  ;  and^  indeed,  when  we  reflect  that  the  sensory  pow- 
ers are  the  first  to  decline,  the  eye  and  tlie  ear,  at  an  early  period  in  the 
article  of  death,  failing  to  discharge  their  duty,  and  the  general  sense  of 
touch  becoming  rapidly  more  and  more  obtuse,  we  can  scarcely  pat  any 
other  interpretation  upon  the  Hnid  straggles  which  constitute  what  la  so 
significantly  called  the  agony,  than  that  they  are  purely  automatic  and 
therefore  unfelt.  Doubtless  the  mind,  in  this  solemn  moment,  is  some- 
times occupied  with  an  instantaneous  review  of  impressions  long  before 
made  upon  the  brain,  and  which  offer  themselves  with  clearness  and 
energy  now  that  present  circumstances  are  failing  to  excite  its  attention, 
through  loss  of  sensorial  power  of  the  peHphcral  organs,  this  state  of 
things  having  also  beeu  testitied  to  by  tliose  who  have  been  recovered 
from  drowning. 

Life  closes  at  last  in  various  ways.  Some  pass  away  as  though  they 
(vere  really  falling  asleep ;  others  with  a  deep  sigh  or  groan ;  others  with 
a  gasp ;  and  some  with  a  convulsive  struggle. 
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CHAPTER  VII. 

ON  THE  INFLUENCE  OF  PHYSICAL  AGENTS  ON  THE  ASPECT  AND  FOUM 
OF  MAN  AND  ON  iUa  INTELLKCPUAL  gUALITIES. 

DifflcrtTiea  i"™  Form,  Hatitf,  and  Cohr  of  Mfn. — Idtal  T^pt  o/'Man, — Ju  Afcoii  taidDeumt, 

- — C'futsts  aj'tfiexe  ^'ariation*. 
Do':tr\ne  of  the  Vnity  of  tfu  Human  /i'l'v.—lkurlrtiie  of'  iti  Origin  J'rum  many  dntrtt. 
/ajlwninf  a/ llrftt  an  Camp/rxian,- — CUujv  of  Vfiti\iiU   VarintlanK. — Infiwnct  of  Heat  iUustrated 

tg  i/k  icasfjt  of  ihs  Indo-Karopefms,  tlif  AtongaLi,  tfie  Ameriam  Indiaax,  and  die  AJriamt. — 

Duifribuiian  of  CompUxion  in  (A«  'frapkaf  Race^. 
Vatvi:ians  ia  l/te  Si^ckion. — loui"  Modf*  tif  rtamiaiAif  thf.  Sitill. — OmHection  of  the  ShdpA  q/' 

(he  ■?(■«//  and  Manatr  of  I-tfe. — Ptii/siraf  (7(tuKtH  of  Virrvilion  afthf  S^t'it' 
Injlucnve  of  the  Artion  of  ihe  lActe  on  CviHpUxiOn. — In/futarit  of  ll\e  Artha  af  tht  F.it'.^  Ob  (Ait 

Furin  of  the  iHtui/.—titue  /•'arm  of  .'^l-uH  arinimj/ram  Loto  an  toeU  as  JUgh  T'jnperulisra. — 

lAsappearanre  nf  the  Ited-hairtd  tuitl  /ifie-F^d  Mea  in  J-lvrofte. 
Thf  IntcliKiwxt  <i?ialiiifs  of'  S'aiioni.—.^ijmlifHtat  Mintt  n/ f/^r  Aifiiitir. — Analytkvl  3Sind  of  the 

flurojtfan,— Their  rwptrlirt  Cfjntrihulioni  la  Hurnitn  Cirilizatinn^^.^prrnii  of  Hfofiamrnfflnn- 

U">  m  A/'i(a,—.SfmQil  uf  ChriatiuiiHtf  ia  Amtrics. — Maantr  o/'the  J'rognsa  of' all  Nalioiu 

in  (^niixadoa. 

TiiEUE  arc  great  differences  in  tho  aspect  of  men. 

The  portrait  of  Newton  is  from  the  frontispiece  of  his  immortal  Prin- 

f'f '^Wt  cipia.       '*  Does    he    eat,    DiffenMifes  in 

and   driBk,  and   sleep,  ^^^^ 
Jikc  ofher  people?"  ask-  «"■?"' 


air  IMK  Neirtaa 


ed  the  SIar<iuis  de  rilopitol,  hiniaelf  a  great  contemporary  French  math- 
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ematiciati;  "  I  represent  him  to  my&elf  33  a  celestial  geniuB  entirely  dis- 
engaged from  matter."'  And,  truly,  transcendent  intellect  ehines  out  in 
eveiy  lijjcamcnt  of  that  noblt?  countenance. 

What  a  contrast  between  the  astronomer,  of  whom  the  human  race 
may  bwjustly  proud,  and  the  Australian  savage  who&e  portrait  Dr.  Pricli- 
ard  laas  furnished  I  This  man  lives  in  a  hollow  tree,  which  he  hag  in 
part  excavated  by  fire,  and  obtains  a  precarious  support  from  ehell-fisli, 
or  bruised  anta  and  grass.  He  can  make  a  hook  of  a  piece  of  oyster, 
and  can  fasten  a  line  to  it.  He  is  lost  in  filth  and  vermin.  Hia  life  is 
like  that  of  a  beaat;;  it  is  concerned  only  with  to-day.  The  early  navi- 
gators accused  him  of  cannibalism.  Wo  can  not  say  tliat  liia  features 
acquit  hira  of  the  charge. 

HiBtory  teaches  us  that  a  nation  may  pass  through  an  ascending  or 
descending  career.  It  may,  by  long-continued  mental  culture,  exhibit  a 
general  mental  advance,  and  under  such  circumstances  may  produce,  here 
and  there,  an  intellect  of  the  first  order;  or  it  may  go  through  a  course 
of  degradation  until  it  reaches  conditions  inconsistent  with  its  continued 
existence,  and  then  it  dies  out. 

Man  is  accordingly  distributed  over  the  face  of  the  earth  in  various  con- 
Pij}.  sflft  ^^^  ditions.     Here  he  presents 

the  civilization  of  the  Euro- 
pean, there  the  abject  mise- 
ry of  the  Australian.  What 
more  humiliating  spectacle 
could  be  offered  to  ua  than 
f  he  annexed  en  gravi  ng,  ^Tg^ 
t/re  268,  from  M.  d'Urvillet 
Even  a  negro  of  Guinea 
might  look  down  on  such  a 
specimen  of  human  imbecil- 
ity and  physical  weakness 
with  contempt,  imd  refuse 
to  recognize  such  a  being  as 
a  man  at  all. 

What    is    it    that    has 
bronglit  tiiis  man  and  Ids 
companion  to  such  a  pass? 
Aiuiir^kiLttuh.  ^Vn  almost  tropical  aim,  a 

CauB^oftheM  pestilential  climnte,  starvation,  nakedness,  the  want  of  shel- 
diUcrenoH.  i^j^  personal  fear:  these  have  done  their  work  on  the  suc- 
cessive geuerations  of  hia  miserable  ancestors,  who  have  been  forced  from 
step  to  step  in  a  descending  career,  and  here  is  the  result. 

Among  the  causes  which  influence  the  aspect  of  man,  there  are  two 
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which  are  pre-eminent:  heat  detGrmines  his  complexion;  Bocial  condi- 
tion the  fomi  of  his  brain,  and,  therefore,  tliat  of*  his  skuJh 

The  aspect  of  man  in  form  and  color  oscillates  between  two  extremes. 
Submitted  for  a  due  time  to  a  high  temperature,  any  race;  ^_^^j^^  ^^^  ^^ 
irrespectively  of  its  original  color^  will  become  dark;  or  if  to  Fweriirfhmiawi 
a  low  temperature,  it  will  become  fair.  Under  saeh  condi-  "B^n^"*  °'^' 
tiotiB  as  will  be  set  forth  in  this  chapter^  it  will  pasH  to  the  elliptical ;  un- 
der others,  to  the  prognathous  form  of  skull.  No  race  ia  in  a  state  of 
absolute  equilibrinm,  or  able  guceeasfullj  to  maintain  its  present  physi- 
ognomy, if  the  circnmstance3  under  which  it  Hvch  nndei^o  a  change.  It 
holds  itself  ready*  with  equal  fiicihty,  to  descend  to  a  baser,  or  rise  to  & 
more  elevated  state,  in  corresjxindence  with  those  circumstances, 

1  think  that  this  principle  bn^  not  been  recognized  with  snfficient  dis- 
tinctness by  tboae  who  have  etudied  the  natural  history  of  man.  They 
have  occupied  themselves  too  completely  with  the  idea  of  fixity  in  the 
aspect  of  human  families,  and  have  treated  of  them  as  though  they  were 
perfectly  and  definitely  distinct^  or  m  a  condition  of  equilibrium.  They 
have  described  them  as  they  are  found  in  the  various  countries  of  the 
globe,  and  since  these  descriptions  remain  correct  during  a  long  time,  the 
general  inference  of  an  invariability  lias  gathered  strength,  until  some 
writers  are  to  be  found  who  snpjTOSC  that  (here  have  been  as  many  sep- 
arate crtations  of  man  aa  there  are  races  which  can  be  distinguished  from 
each  other.  We  are  perpetually  mistaking  t!ic  slow  movementf!  of  Na- 
ture for  absolute  rest.  We  compound  temporary  equilibration  with  final 
equilibrium. 

ilan  can  not  occupy  a  new  climate  without  an  organic  change  occurs 
ring  in  his  economy,  which  by  degrees  cornea  to  a  corre-  rom'spondence 
spondcnce  with  the  conditions  by  which  it  is  surrounded,  ofdimatesiid 
In  this  career,  each  individual,  as  a  member  of  one  genera-  *'"B'"'^*''i"'^- 
fion,  may  only  make  a  partial  advance,  for  differentiation  most  commonly 
occurs  in  the  early  periods  of  embryonic  life,  as  described  at  page  505 ; 
but,  since  all  individual  peculiarities  are  liable  to  hereditary  Iransniission, 
the  cumulative  effect  liecomes  strongly  marked  at  last.  So  dominating 
is  the  control  whicli  physical  influences  exert  over  us,  that  invariability 
of  our  aspect  for  several  generations  may  be  received  as  a  proof  that  those 
influences  have  been  stationar)'  in  kind  and  degree.  In  such  a  perfect 
manner  13  that  aspect  dependent  on  them  that  it  is  truly  their  represent- 
ative.     If  tliey  change,  it  must  change  too. 

I  do  not,  therctbre,  contemplate  the  human  race  as  consisting  of  vari- 
eties, much  less  of  distinct  species,  but  rather  as  offering  numberless  rep- 
resentations of  the  dilFcrent  forms  wiiicli  an  ideal  type  can  he  made  to  as- 
sume under  exposure  to  different  conditions.  I  believe  that  tliat  ijeni  type 
Ideal  type  may  atill  be  recognized,  even  iu  caaea  that  offer,  when  ^^  "'*^- 


566  HAl^ITg   OP   NATIOEfS. 


compared  iogether,  complete  discDrdances ;  and  that,  if  bucIi  an  ill 
tion  be  |>crmi33ible,  it  is  like  a  general  expression  in  algebra,  wHcli 
rise  1o  different  resulta  according  as  we  assign  dift'erent  values  to  its 
quantities,  yet  in  every  one  of  those  results  the  original  expression  exists. 

From  this  it  therefore  follows  tliat  there  ia  a  capability  of  metamor- 
phosis  or  transmutation  from  form  to  form  ;  that  tine  human  system  poa- 
Bsasea  no  inherent  resistance  to  change,  no  physiological  inertia,  but  will 
paaa  indifferently  upward  and  downward,  toward  perfection  or  toward 
degradation^  aa  eirciun  stance  a  oveiTule,  yet  is  it  the  same  human  system 
throughout.  Nor  is  it  of  any  consequence  that  the  progress  of  these 
„,  ._.  .  clianges  may  be,  as  we  term  them,  tardy,  and  that  tor  their 

Tor  phvHiuluj;-  completion  a  long  time  may  be  required.  Even  a  mass  of 
ical  cbftBfp^.  inorganic  matter  —  a  rock  —  transferred  from  the  equator 
toward  tlic  pole,  or  from  the  pole  to  the  equator,  would  not  change 
its  temperature  to  that  of  the  new  locality  at  once ;  it  would  come  to 
its  destined  equilibrium  in  a  gradual  way,,  in  a  time  depending  on  its 
mass  and  conducting  power.  Wc  ehould  not  impute  its  slow  manner 
of  yielding  to  any  inherent  principle  of  resistance  which  it  poseessed- 
Thc  p]iy Biological  nictamorphoaia  of  man  is  an  affair  of  centuries.  The 
universal  recognition  of  the  principle  that  such  changes  are  possible  lies 
at  the  bottom  of  all  our  attempts  to  elevate  communitiea  by  ameliorating 
their  social  condition  and  by  education. 

In  tiie  remarks  which  follow,  it  will  therefore  be  understood  that  I  re- 
eeivc  the  classifications  of  Blumenbach  and  other  authors  as  offering  a 
convenience  in  description,  but  do  not  attach  to  them  any  essential  sig- 
nificance. 

Tliough  pJants  and  animals  are  limited  to  certain  localities  of  the  eartira 
iiabita  of  dif.  snrfaee,  some  upecies  being  formed  in  one  and  eome  in  an- 
fernni  natjoaa.  Qther  region,  tlic  liumau  family  lives  indifferently  all  over  the 
Burlace  of  the  globe.  It  occupies  countries  where  the  thermometer  falls 
to  ■50'^  below  zero,  or  where  the  temperature  of  the  midday  sun  ia  160°. 
In  these  different  climates,  the  most  marked  differences  in  color,  stature, 
conformation,  and  liabita  are  exhibited,  there  being  every  ahade,  from 
a  jet  black  to  a  fair  white ;  every  stature,  from  the  pigmy  Esquimaux 
and  Laplanders  to  the  tall  Patagonian  ;  every  variety  of  facial  angle,  from 
that  acute  one  which  characterizes  the  ape  to  the  classical  aspect  of  the 
Greek,  which  is  more  than  90=^  i  every  pursuit  of  life,  hunting,  fishing, 
the  keeping  of  flocks,  agricullurc,  commerce,  and  the  arts  of  civilized  bo- 
eiety.  To  these  might  be  added  the  use  of  everj'  variety  of  food,  from  a 
ivretched  subsislenoe  on  worms  and  roots  scratched  out  of  the  ground  to 
the  luxurious  habits  of  the  epicure  ;  every  grade  of  locomotion,  from 
those  who  never  leave  the  hill  or  valley  where  they  were  boni  to  those 
who  are  perpetually  wandering  all  over  a  continent,  nay,  even  all  over 
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tlie  glolK.  There  might,  too,  bo  added  eveiy  variety  of  character  and 
every  degree  of  intellectuality.  Among  these  differences,  tlie  variations 
of  language  are  hy  no  means  the  least  important.  It  is  eatimated  that 
more  than  three  thousand  dialects  are  spoken. 

Among  these  races  certain  common  traditions  prevail,  historical  reta- 
iniacencea  handed  down  from  one  generation  to  another,  Trsdiiiona  of 
which  convey  the  deeda  of  former  great  men  who  have  either  n'^i'ions. 
distinguished  themselves  hy  their  achievements  in  war  or  by  their  in- 
ventioua  in  the  peaceful  arts ;  traditions  which  have  also  communicated 
the  religion  or  the  superstition  of  the  ancient  times,  and  which,  among 
people  inhabiting  countries  remote  from  one  another,  present  auch  an  as- 
pect of  sameness,  that  we  must  either  refer  them  to  one  common  and  more 
ancient  source,  or  regard  them  as  arising  from  analogous  peculiarities  in 
the  mental  slructure  of  the  whole  race. 

There  can  not  be  a  doubt  that  in  the  lapse  of  many  ages  the  influ- 
ence of  external  phyaical  agents  must  have  made  a  marked  j^flug„gp„f„j 
mipression  upou  tlie  original  characters  of  men.  Few  qucs-  t^roai  agenu 
tions  have  been  more  critically  diacuased  than  t]ie  extent  to  ™  ''■"°'^'' 
which  this  change  of  aspect  by  physical  agents  can  go,  many  naturalists 
believing  that  the  sole  cause  of  national  difference  is  the  influence  of  cli- 
mate or  temperature — an  influence  which  ia  aiifficient  to  account  for  alJ 
other  organic  peculiarities  wc  have  just  specified;  for  if  we  admit  thai 
tiie  same  original  germ  may  develop  itself  into  countless  forms,  accord- 
ing as  it  iias  been  exposed  to  different  physical  agents,  mucJi  more  is  ii 
probable  that  the  various  races  composing  the  hmuan  family,  exposed  as 
they  have  been  to  difl^brent  physical  circumstances,  may  by  degrees  have 
assumed  the  diacortlant  features  they  prpsent,  although  they  have  de- 
scended from  one  original  stocL 

Here  we  shall  have  to  consider  the  weight  which  should  be  attached 
to  a  very  remarkable  observation  which  has  of  late  been  GcograpLicai 
made  as  respects  the  distribution  of  man.  With  regard  to  .^lan^"]!!""  ° 
plants,  it  has  long  been  known  that  they  are  grouped  round  maiifaQiimiui. 
certain  centres,  wiiich  may  be  regarded  as  their  foci  of  origin,  and  one  of 
such  groups  compared  with  another  presents  striking  contrasts ;  the  veg- 
etation ot'  Central  Africa  is  wholly  distinct  from  that  of  Europe,  the  veg- 
etation of  Europe  distinct  from  that  of  North  America,  and  this,  again, 
from  New  Holland.  There  are  no  laurina^  in  Central  jVirica,  no  heaths^ 
in  the  New  World.  The  forests  of  New  Holland  gain  their  most  strik- 
ing features  from  their  leafless  acacias  and  eucalypti.  So,  in  like  man- 
ner, there  are  foci  of  origin  and  circles  of  distribution  as  regards  animal 
hfe.  Tiie  fauna  of  Asia  is  whoUj'  dissimilar  from  that  of  Kurope,  the 
fauna  of  Europe  is  dissimilar  from  that  of  North  America,  and  this,  again, 
from  that  of  Africa  and  New  Holland.     Without  specifying  details,  we 


568  onir.iN  of  nations. 

may  recall  tltal  the  hippopolamua  and  camelopard  are  natives  of  Africa, 

and  are  rcatrictcd  to  it:  the  tiger  ia  a  native  ot"  India?  the  armadillo^ 
and  ant-eaters,  of  South  America;  the  kangaroo  aud  omitliorhynchua,  of 
New  Holland.  The  cartli's  surface  might  thug  he  divided  into  regiont" 
or  realms^  each  possessing  its  own  special  tlora  and  fauna.  And  more 
than  tills,  the  oceans,  too,  might  in  like  manner  be  parted  off,  and  this 
not  only  as  regards  their  surface,  but  also  in  strata  at  different  depths* 
Now  these  hotanical  centres  and  circles  are  coincident  with  the  zoological 
centres  and  circles,  and  hence  there  has  arisen  the  idea  that  such  centres 
have  been  truly  points  of  original  development,  both  for  one  and  the  oth- 
er of  these  natural  kingdoms,  and  that  the  globe  has  not  been  filled  by  a 
process  of  dispersion  or  diffusion  from  one  point,  but  co-ordinately,  and, 
perhaps,  conteinporaneoiisly  from  many  such  foci,  and  that  we  can  still 
recognize  the  position  of  tliese  foci  by  a  critical  study  of  animals  and 
plants. 

As  to  the  discussions  which  have  of  late  years  arisen  on  this  question, 
the  two  hy-  tlic  Tcadcr  may  refer  to  the  work  of  Urs.  M'ott  and  Gliddon 
pothcMs  cf  tiu  ^^  j]^^  types  of  mankind  for  argumenta  in  support  of  a  mul- 
cion?..  titude  of  centres  of  human  origin,  and  to  that  of  Ur-  Prich- 

ard  on  the  natural  himtory  of  man  for  those  in  behalf  of  the  unity  of  the 
race.  In  these  works,  respectively,  will  be  found  most  of  tiie  facta  hith- 
erto brought  forward. 

In  the  former  of  these  works.  Professor  Agassiz  draws  attention  to  the 
r,   ,  -      p  circumstance  that  all  nround  the  Arctic  circle,  and  therefore  iti 

Doi:trine  of  ' 

Fror»M)r  every  longitude,  is  to  be  found  one  race  offering  characters  that 
£""»'*-  are  slnkingly  homogoneoua  iti  aspect,  intellect,  and  habits  of  life, 
represented  in  America  by  the  Esquimaux,  in  Europe  by  the  Laplanders, 
and  in  Asia  by  the  Hamoicdes*  These  live  in  a  region  of  which  the 
nor  1  r  ana]  f'T^^i^^  ^"^  fl'^'"^  "f^  likewise  homogeneous.  It  has  every  where 
Bnrt  humaji  '  tlic  sumc  drearj  expanses,  covered  with  dwarf  birches,  niosa- 
groppa.  gg^  ^^j  lichens;  in  its  waters  there  arc  the  same  fishes,  as 

the  salmon,  and  the  same  inoUiiscs  and  echinodcrms.  In  the  air  it  liaa 
the  game  birds.  Among  its  mammals  found  thus  with  uniformity,  the 
wliite  bear,  the  reindeer,  the  walrus,  and  the  whale  may  be  mentioned, 
"With  a  fipccial  tiiuna  thus  coinciding  with  a  s|>ecial  Iloira,  there  is  also  a 
special  variety  of  man. 

What  has  here  been  said  respecting  Arctic  life  may  be  generalized. 
Eneh  of  the  coincident  iloral  and  faunal  circles  haa  its  own  species  of 
man. 

Thus,  in  the  temperate  zone,  may  be  distinguished  three  such  primary 
realms,  each  of  which  is  distinct  as  regards  its  botimy  and  zoology;  imd, 
in  coirespondence,  we  find  that  in  the  tirst,  in  the  country  of  tlic  Mongo- 
lians, to  the  east  beyond  the  Caspian  Sea,  there  are  nations  whose  com- 
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pkxioti  is  yellow ;  in  the  second,  upon  the  shore  of  the  Mediterranean 
and  throughout  Europe,  there  arc  otiiers  whose  complexion  ia  white ;  in 
the  third,  in  America,  others  whose  complexion  is  red;  and  thougli 
these  three  widely-extended  races  touch,  upon  their  north  boundary,  the 
homogenous  ^Victic  inhabitants,  in  every  respect  they  may  be  distin- 
guished from  theui.  The  temperatiire  of  the  zone  in  which  they  live 
ranges  from  32"^  to  74' ;  it  permits  the  growth  of  pines,  nut  and  fruit 
trees,  and  among  its  animals  might  he  mentioned  tiie  bear,  the  wolf,  the 
otter,  the  deer,  the  squirrel,  and  the  rat;  these  animals,  however,  respect- 
ively e:<:hibiting  striking  differcncca  characteristic  of  their  three  focal  cen- 
tres :  the  black  bear  belongs  to  North  America,  (he  brown  bear  to  Europo-t 
and  the  bear  of  Thibet  to  Asia.  The  European  stag  finds  its  American 
analogue  in  the  wapiti,  and  in  Asia  in  the  musk  doer.  The  wild  ox  of 
Lithuania  differs  from  the  North  American  buffalo,  and  this,  again,  from 
tJie  Mongolian  yak.  Even  among  plants  the  same  diflerencea  may  be 
traced;  the  pines  of  Europe  are  not  the  samo  as  the  pines  of  America, 
and  thus  it  would  appear  that  each  of  the  three  great  organic  circles  be- 
longing to  the  temperate  Kono  has  a  flora,  a  fauna,  and  a  human  speciea 
of  itii  own. 

The  same  general  result  nii<;;lit  Ire  established  for  the  tropical  regions, 
and  special  centres  assigned  for  Africa,  Malaya,  and  Polynesia, 

In  view  of  this  distribution  as  connected  with  habits,  Di-,  Prichard  thus 
e.'spresscB  himself  in  hia  Natural  History  of  Ulan:  "Let  us  jianits  of  nn- 
imagine,  for  a  moment,  a  airangcr  from  another  planet  to  visit  ^^°''^- 
our  globe,  and  to  contemplate  and  compare  the  manners  of  its  inhabit- 
ants, and  let  him  tirat  witness  some  brilliant  spectacle  in  one  of  the  bijjh- 
ly-civilized  countries  of  Europe:  the  coronation  of  a  monarch,  the  in- 
stallation of  St.  Louis  on  the  throne  of  his  ancestors,  surroundod  by  an 
august  assembly  of  peers,  and  barons,  and  mitred  abbots,  anointed  from 
tlie  cruise  of  sacred  oil  brought  by  an  angel  to  ratify  the  divine  privilege 
of  kings ;  let  the  same  person  be  carried  into  a  hamlet  in  Negroland,  in 
(ho  hour  when  the  sable  race  recreate  themselves  with  dancing  and  bar- 
barous music;  let  him  then  be  transported  fo  the  sfiiine  plains  over 
which  bald  and  tawny  Slongola  roam,  ditfcring  but  little  in  hue  from  the 
yellow  soil  of  their  steppes,  brightened  by  the  saffron  fion'ers  of  the  iris 
and  tidip ;  let  him  be  placed  near  the  solitary  den  of  tlie  Bushman,  where 
the  lean  and  hungry  savage  crouches  in  silence  like  a  beast  of  prey,  watch- 
ing with  (ixed  eyca  the  creatures  which  enter  lii^  pitfall,  or  the  insects 
and  reptiles  whicli  chance  brings  within  hi3  grasp;  let  the  traveler  be 
carried  into  the  midat  of  an  Australian  forest,  where  the  squalid  com- 
panions of  kangaroos  maybe  seen  crawling  in  procession  in  imitation  of 
qnadrupeds :  can  it  be  snpposed  that  such  a  person  would  conclude  the 
various  groups  of  being;*  whom  be  had  surveyed  to  be  of  one  nature,  one 
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tribe,  or  the  offspring  of  the  same  original  stock  ?     It  ia  mucli  more  prolj- 
able  that  he  would  arrive  at  an  opposite  conclusion/' 

On  tliia  it  may  be  remarked  that  much  would  depend  on  the  previong* 
training  of  the  illuatrious  stranger*  If  hig  mind  had  been  imbued  witli 
a  better  philosophy  tlian  that  which  prevails  in  this  our  lower  world,  he 
might  look  with  an  equal  eye  on  the  transitory  fashions  before  him,  and 
penetrate  to  the  iirst  principles  of  things  through  the  false  glare  of  pomp 
or  through  debasement  aud  degradation,  and  so  arrive  at  a  conclusion 
precisely  the  opposite  of  the  foregoing^  in  the  same  manner  as  has  Dr. 
Prichard  himself. 

For,  from  such  an  elevated  point  of  view,  the  plumed  pageant  of  civ- 
ilized life  might  only  appear  to  be  a  modified  phase  of  the  ceremoniah^ 
of  equinoctial  Africa,  where  the  inhabitants,  on  their  festival  occasions. 
adorn  their  naked  bodies  with  leaves,  and  present  oblations  of  palm  oil 
with  many  genuflexions  to  their  chiefs  and  enchanters.  Beneath  the 
feathers  in  the  one  case,  and  the  leaves  in  the  other,  he  might  discern  the 
same  ruling  idea,  and  detect  the  same  human  nature  j  or,  it*  Ms  vision 
could  reach  into  the  past,  and  recall  the  credulous  Greek  worshiping  be- 
fore the  exquisitely  perfect  statues  of  the  deities  of  his  countiy,  beseeching 
them  for  sunshine  or  for  rain,  and  then  turn  to  the  savage  Amaiman.who 
commenees  his  fasts  by  taking  a  vomit,  and,  for  want  of  a  better  goddess, 
adores  a  dried  cow's  tail,  imploring  it  for  all  earthly  goods,  and  particu- 
larly to  pay  his  debta-^again  the  same  principle  would  emerge,  only  il- 
lustrated by  the  circtuustance  that  the  savage  is  more  thorough,  more 
earnest  in  bis  work. 

In  fact,  wherever  we  look,  man  is  the  same.  Stripped  of  exterior  cov- 
ReBemblanccs  erings,  thefe  is  in  every  cUmalc  a  common  body  and  a  com- 
amoDe  imiiuDs.  ^lon  mind.  Are  not  all  of  us  liable  to  the  same  diseases  t 
Have  not  all  a  tendency  to  exist  the  same  length  of  time  ?  Is  it  the 
temperature  of  our  body,  the  beat  of  tJie  pulse,  the  respiration  that  we 
observe — are  they  not  every  where  alike  ?  Or,  turning  to  the  manifestflr 
tiong  of  the  mind,  is  there  not,  among  all  the  tribes  of  our  race,  a  belief 
in  the  existence  and  goodness  of  God?  in  unseen  agents,  intermediate 
between  him  and  ourselves  ?  and  in  a  future  life  ?  Do  we  not  all  put  a 
reliance  in  the  efficacy  of  prayers  ?  and  all,  in  our  youth,  have  a  dread  of 
ghosts  ?  How  many  of  us,  in  all  parts  of  the  world,  attach  a  value  to 
pilgrimage3,  sacrificial  oilcrings,  fastings,  and  unlucky  days,  and  in  our 
worldly  proceedings  are  guided  by  codes  of  law  and  ideas  of  the  nature 
of  property !  Have  we  not  all  the  eame  fears,  the  same  delights,  the 
same  aversions*  and  do  we  not  resort  to  the  use  of  fira,  domestic  animals, 
and  weapons?  Do  we  not  all  expect  that  the  differences  which  surround 
us  here  will  be  balanced  hereafter,  and  tliat  there  are  rewards  and  punish- 
ments?   Is  there  not  a  common  interpretation  of  all  the  varied  fonaa  of 
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funerjil  ceremonies?  a  commonKntiment  of  the  sacredness  of  the  tomb? 
Have  we  not  always,  and  do  we  not  every  wiicre  set  apart  a  sacerdotal 
order,  who  may  mediate  for  us  ?  In  onr  less  advanced  civilization,  do  we 
not  aH  believe  in  sorceries,  witcties,  and  charms  ?  It  signiiiea  nettling 
in  what  particular  form  ouj  mental  conceptions  are  embodied;  it  is  the 
conception  that  concerns  ug,  and  not  tlie  aspect  it  has  assumed.  Thus 
equally  do  the  views  of  the  variotia  nations  demonstrate  their  innate  be- 
lief of  a  future  world— the  undisturbed  hunting-ground  of  the  American 
Indian,  the  voluptuous  Paradise  and  society  of  the  houria  of  the  Ara- 
bian, or  the  enow  hut  of  the  Esquimaux,  in  which  the  righteous  feed  on 
the  blubber  of  whales. 

Turning  our  attention  to  the  influence  of  temperature,  it  may  be  ob- 
served tliat  the  development  of  coloring  matter  in  the  akin  de-  Influence  of 
penda  on  the  heat  to  which  we  are  exposed.  Generally^  it  J,^r,™|^'^^^^ 
niighlf  therefore  appear  that  there  should  be  a  correspondence  plexioi?. 
between  the  complexion  and  the  latitude  of  the  place  of  our  abode,  the 
akin  being  darker  as  we  approacii  the  equator,  and  fairer  toward  the 
poles,  because,  since  all  the  heat  that  we  receive  comes  from  the  sojIt 
the  amount  which  ia  furnished  to  us  depends  upon  the  obliquity  of  his 
rays»  and  therefore  upon  the  latitude.  But  this  is  true  only  in  a  very 
general  way,  and  many  exceptions  at  once  spontaneously  suggest  them- 
selves.    I  may  point  out  some  of  these  variations* 

The  temperature  of  a  place  depends  on  llu-ec  leading  circumstances, 
its  latitude,  it&  elevation  above  the  sea,  and  on  raeteorolog-  chusds  of  local 
ical  conditions.  Respecting  the  latitude,  notldng  need  be  tcmperatuieB. 
added  to  tlie  remarks  already  oftbred;  and  aa  regards  the  influence  of 
elevation  above  the  sea,  it  is  to  be  remembered  that  there  is  a  decline  of 
tenipcratiate  as  we  ascend  in  the  atmosphere  from  any  point  of  the  globe, 
and  for  thia  reason,  an  has  been  already  explained  at  page  473,  even  un- 
der the  equator  there  will  be  an  arrangement  answering  to  elimatca  on 
every  high  mountain^  ita  top,  if  sufficiently  elevated,  being  covered  witli 
perjwtud  snow.  Of  meteorological  conditions,  it  may  be  said  that  they 
are  bo  niimeroua  aa  to  render  it  almost  impossible  to  give  a  full  and  yet 
brief  statement  of  them,  but  as  illustrations  may  be  mentioned  the  prox- 
imity of  tlic  sea,  or  of  great  desert  tracts,  ocean  currents,  the  prevailing 
winds ;  thus,  in  our  liemisphere,  a  north  wind  predominating  lowers  the 
mean  temperature  of  the  place,  a  south  wind  tends  to  raise  it ;  and  thus, 
iilso,  the  great  desert  of  Sahara  and  the  American  Gulf  Stream  increase 
by  many  degrees  the  temperature  of  Europe. 

For  Buch  reasons,  therefore,  tho  lines  of  equal  heat  do  not  correspond 
to  the  parallels  of  latitude,  but,  as  an  ins|>ection  ofacbart  of  them  will 
show,  deviate  greatly  therefrom. 

In  treating  of  the  influence  of  heat  on  plants,  it  was  shown  that,  when 
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we  maite  our  examination  in  a  critical  manner,  the  problein  is  not  bo  sim- 
ple as  appears  at  first  sight,  and  that  there  are  several  different  relations 
of  the  heat  wliicli  inuet  be  considered.  TJiue  the  geography  of  plants  ia 
not  whollj'  determined  hy  the  mean  temperature  of  the  whole  year,  nor 
by  the  greatest  heat  of  the  summer,  nor  the  greatest  cold  of  winter;  that 
is  to  saj,  it  neither  foUowa  the  isothermal,  isotheral,  or  isocliimenal  linea. 
Moreover,  tlib  luxuriance  of  vegetation  is  not  so  much  dependent  upon 
the  temperature  or  intensity  of  heat  as  it  is  upon  the  quantity.  These 
inteadir  atid  '^s™^^  apply  with  much  force  to  the  case  now  before  as, 
mwntity  o(  for  the  cliangc  of  complexion  is  not  30  much  dependent  upon 
liMtcooiiiared.  ^^^  intensity  of  heat  determined  by  the  tiiermometer  as  it  i« 

upon  the  absolute  annual  quantity ;  for,  though  these  conditions  of  in- 
tensity and  quantity  of  heat  are  esgentiaily  distinct,  yet  it  will  generally 
happen  that  tUey  may  increase  or  diminish  togetlier,  without  there  being 
an  absolute  correspondence  between  them.  There  can  be  no  douM  that 
the  quantity  of  heat  annually  furnished  in  Guinea  vaatly  exceeds  the, 
quantity  annually  furnielied  to  any  pai-t  of  tropical  America.  It  is  upon 
this  condition,  and  not  upon  the  height  of  the  thcnnometcr,  that  the  dark- 
ening of  the  human  complexion  dejiencls. 

To  the  reader  who  is  not  familiar  with  the  tech nieali ties  of  Natural 
Philosophy,  an  explanatory  illustration  of  the  statement  here  made  may 
i^e  of  value.  If  be  will  suppose  that  he  examines  a  wine-glasa  of  water, 
boihng  hot,  and  a  gallon  of  tepid  water  by  a  ihermomcter,  he  will  find 
that  that  instrument  will  stand  mueli  higher  in  the  wine-glass  than  in 
tfie  gallon.  But  if  he  proccctla  to  determine  how  nmcJi  ice  tiie  two  por- 
tions of  water  will  respectively  melt,  he  will  find  that  the  greatest  effect 
is  produced  by  the  lukewarm  water.  We  say,  therefore^  that  though  the 
thermometer  hag  indicated  the  intensity  of  the  heat  in  the  two  portions 
of  water  rc&peclively,  that  is  to  say,  their  tcmperaturesi,  it  has  not  indi- 
cated the  quantity  present  in  each,  but  the  molting  of  the  ice  has  revealed 
the  fact  that  the  tepid  water,  by  reason  of  ita  larger  proportion,  contains 
a  larger  quantity  of  heat. 

It  may  be  repeated,  therefore,  that  the  absolute  quantity  of  heat  an- 
nually furnished  lo  any  locality  is  by  no  means  indicated  by  the  maki- 
mum  height  to  which  the  tiiennometer  will  rise  in  the  summer  season, 
yet  it  is  upon  that  condition,  quantity,  that  the  tint  of  the  complexion 
depends. 

That  climate  does  thus  influence  color  is  clearly  demonBtrated  by  the 
Quatniiv  (if  ^'^^^  '■^"^*  ^  family  of  men,  indisputably  derived  from  a  com- 
lieut  iniluijo'cea  mon  stoclc,  IiavB  different  complexions  in  different  countries, 
*^^>iiil>  txiyn.  q<j^^  Jews  of  llie  north  of  Europe  are  finr  men,  oflen  having 
re<l  beards  and  blue  eyes.  As  we  trace  them  in  their  southeasterly  dis- 
tribution,  llieir  color  deepens  by  degrees.     In  their  original  country  they 
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are  iawny,  BtUl  farther  on  tliey  are  deep  brown,  and  in  Malabar  ahnost 
black.  A  more  interesting  and  uiore  general  instance  is  offered  hj  the 
race  to  which  we  belong,  the  Indo-Euro|>ean,  wliicih  reaches,  in  one  un- 
broken colnmn,  across  Western  Asia,  tlirough  Enrope,  iVom  Hindostaii  to 
the  British  Islands*  Tlint  this  is  one  homogeneous  family,  derived  trom 
a  common  &tockf  is  proved  beyond  all  possibility  of  a  doubt  by  the  atBn- 
itiea  of  its  languages,  all  showing  an  affinity  with  tho  ancient  Sanscritj 
and  even  betra.ying,  by  their  varied  deaignatiuna  of  certain  objects,  in  an 
approximate  manner^  the  time  at  which  the  progress  of  tliia  column  was 
made — that  it  was  anterior  to  the  introdtielion  of  the  metala,  in  the  ago 
of  stone,  as  some  authors  have  designated  it,  when  weapons  and  iraplo 
menta  of  tliat  material  alone  were  eniployedt  for  the  namea  of  the  metals 
are  different  in  many  of  the  different  lnnguagc3  of  this  race. 

But  how  is  it  as  regards  the  complexion  of  the  Indo-Europeans?  To 
the  northwest  it  is  light,  but  it  darkens  toward  the  extreme  Vu,riiiiioij»  im- 
Boutheaat  in  India,  the  distribution  in  thia  respect  having  ^nrt(>-EurciTMHi 
been  doubtless  much  better  marked  in  former  times,  before  'nee. 
it  was  diaturhed  by  tlie  influcsnces  of  civilization.  Thus  ihe  Eornan  au- 
thors speak  of  the  northern  (lermanaT  of  the  BritonSt  and  the  Gauls,  as 
being  red-haired,  blue-eyed,  and  very  light  in  their  complexion.  It  is 
not  to  be  understood,  however,  that  the  tint  dccpena  through  various 
shades  of  olive  and  brown  by  a  steady  progress  ua  we  pass  toward  India, 
for  the  physical  principles  on  which  we  have  been  dwelling  would  pre- 
pare us  to  e-\pect  that,  whenever  we  reaeh  regions  more  elevated  above 

the  level  of  the  sea,  the  com- 
plexion of  tile  natives  will  be 
lighter.  For  this  reason,  the 
inhabitants  of  the  range  of  tho 
Caucasus,  and  again  tliose  of 
the  great  elcvatiosa  of  the  Him- 
malaya  Mountains  and  sour- 
ces of  the  Ganges,  are  as  light 
iis  the  southern  Europeans, 
;ind  there  very  frequently  ia 
i^cen  the  auburn -bearded,  and 
blue  or  gray  eyed  man. 

While  the  complexion  thus 
depends  on  the  heat,  the  fonrii 
of  the  skull  is  detennined  by 
the  condition  of  development 
of  the  brain,  and  this  is  the 
:nore  perfect  where  life  ia  main- 
nwlmiiii,  taiued   in    ciicumstances    of 
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plenty,  indolence,  luxnry,  ease.  In  Hindostan,  among  Oie  natives  of 
high  castCf  have  from  time  to  time  arisen  men  whose  mental  endowments 
have  been  in  no  respect  inferior  to  those  of  Europeans — statesmen,  poets, 
aoldiers,  astronomers,  matliematiciiins.  Complexion  npart,  the  portrait 
of  Ram  Buttum,  ft  Brahmin,  Fig,  269,  taken  bj-  Mr.  Branwhite,  presents 
iin  intelligent  and  agreeable  countenance,  though,  perhaps,  with  an  air  of 
yfteminacy* 

Let  ua  examine  a  second  of  our  aubdivisiona,  the  Mongol,  character' 
V  rUtion»  ira-  ^^^  ^^  descending  from  a  common  stock  by  the  affinitiea  of 
[ir««wit  on  ihe  its  languages,  Ihoiigli  having  a  geographical  distribution  from 

Mongol  race.       ^j^^  j^^j^^  q^^^  ^^  ^y^^  ^^^^^^   ^^  ^j^^  p^^^  ^^        j^^  ^.^ 

the  Indo-European  race,  so  with  tliia,  tlie  color  becomeB  darker  as  tlio 

iropic  is  approached — so  dark,  indeed,  that,  in  the  lowest  latitudes  to 
which  its  nationa  reach,  they  may  be  said  to  be  black.  From  this  they 
pass  through  various  shades  of  brown  and  olive  as  a  progress  to  the 
higher  latitudes  is  made,  the  pale  countenance  reappearing  in  North  Tar- 
taiy,  and  attaining  to  whiteness  in  the  fish-feeding  tribes,  Samoiedes,  on 
the  shores  of  the  Icy  Sea.  But  here,  again,  the  complexion  and  the  lati- 
tude are  not  in  correspondence :  on  the  low  aljorua  of  China  the  natives  are 
tawny,  bnt  in  the  mountainous  regions  of  the  northwest  of  that  country 
there  are  tribes  spoken  of  by  those  who  have  seen  them  as  of  surprising 
wliiteness,  and  a  similar  circuniatance  occurs  among  the  Tartar  tribes  of 
the  very  elevated  plateaux  of  Central  Asia. 

Although  the  Chinese  countenance,  botii  of  the  indigenous  race  and  the 

dominant  Tartars,  ia  vei^r  characteris- 
tic, as  seen  in  the  annexed  jiorfrait, 
Fitf.  270,  from  Dr.  Prichard,  the  fonn 
of  the  .skull  expreaaea  a  high  intellec- 
tual culture^  of  which  also  their  civil- 
ization and  their  poUty  are  a  surpris- 
ing proof.  The  difficulties  of  govern- 
ing masses  of  men  concentrated  in  a 
narrow  space  seem,  by  the  statesmen 
of  tliat  nation,  to  have  been  in  a  great 
njcasure  overcome.  On  the  Chinese 
rivers  there  are  many  great  cities,  vast- 
ly outnumbering  in  their  population 
the  largest  European  capitals.  Under 
ihe  goveniinent  of  the  emperor,  it  is  said  that  there  live,  in  security  and 
repose,  one  third  of  the  human  race!  Such  a  spectacle  may  impress 
even  the  philosopher  with  sentiments  of  respect  and  admiration. 

The  hardships  of  lite  have  left  their  impression  on  iJic  fonu  of  the  skull 
of  the  North  Asiatic,  whoso  energies  have  to  be  directed  to  the  support  of 
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p,>  J71,  animal  exifltence.     TLe  portrait 

of  a  Kamtschatdale,  Fi^.  271, 
selected  by  Dr.  Prichard  as  an 
example,  shows  the  projecting 
miLZzle,  that  invarialile  index  ot" 
wantt  and  true  animal  feature. 
The  complexion  la  neverlheleaa 
[{I  correspondence  with  the  low 
temperature  of  the  country. 
A  like  examination  of  a  third 

of  the  Bubdi  visions   Variationi  im^ 

of  men,  the  Amcri-  T"*"''  '"t""' 

'  Acnen'uui  lair 

can,  equally  well  il-  dUn  rac*. 
lustrates  the  influenee  of  heat. 
The^e,  though  popularly  gpoken 
of  as  red,  and  often  regarded  as  pre^ienting  the  Banie  color  from  the  North 
Polar  Spa  to  Terra  del  Fuego,  arc  very  far  from  oiS^ring  such  a  uniform- 
ity. The  Esquimanx  on  tlie  north,  and  the  Fuegiana  on  the  south,  arc 
light,  the  tint  of  the  native  races  deepening,  to  a  certain  degree,  as  the 
equator  is  approached — a  gradual  dcejieniug,  much  better  marked  in 
Soutli  tha]i  in  North  America,  and  on  the  Pacific  than  on  the  Atlantic 
Pi,j.  -.Tx  slope.     Ab  examples  of  the 

North  American  Indians, 
WG  may  take  the  portraits, 
by  Mr.  Catlin,  of  Black 
Hawk,  Bff.  272,  and  Tuch- 
flc^J^g>  273,  page  570;  the 
former  a  Sac^  the  latter  a 
Cherokee.  It  ia  sutficicnt 
to  compare  the  counte- 
nances of  these  Indiana 
with  those  of  Califomia,  as 
Hgured  in  the  Voyage  Pit- 
torestjue  of  Choria,  Fi^. 
274,  page  576,  to  realize 
how  erroneous  is  the  preva- 
lent statement  that  all  the 
American  tribes,  both  of 
the  north  and  south  conti- 
tinent,  are  alike.  The  ol- 
ive-black Indians  of  the  Pacific  slope,  though  their  lips  are  thick  and 
their  noses  flat,  have  lank  and  not  woolly  hair,  Fig.  275,  page  576.  On 
the  Atlantic  shore,  as  ia  well  known,  the  temperature,  in  passing  to  lower 
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latitudes,  does  not  bo  rapidlr  vary; 
and  on  tlie  Pacitic  the  mean  heat  is 
much  higher  than  on  the  Atlantic 


AiacrimD  Indian, 

for  the  same  purallel  of  latitude. 


CiUiiuruIn  Indian. 


Fig.  srr. 


(.'nJiriiniLii   l^i'ii.iTir. 


In  South  America,  the  Bo-called'red  race,  as  we  have  just  observed^  i.« 
deeper  in  complexion  as  we  pass  from  Terra  del  Fuego  and  Patagonin 
northward  toward  the  line.  The  Chilians  are  darker  than  the  Fucgians, 
and  the  Peruviana  darkLT  than  the  Chiliams.  Aa  the  topographical  oon- 
Btrtiotion  of  that  continent  would  lead  ug  to  infer,  there  ia  an  nnnlogous 
distribution  from  west  to  east,  crossing  the  preceding  at  right  angles ; 
the  Inca  race,  who  inhabit  the  plateaux  of  the  Andes,  arc  lighter  than 
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ooirespondg  to  tlie  latitude  ;  but  from  tliis  point,  passing  to  the  eaet^  the 
Brazil) o-Crua rani  are  darker  as  we  approacli  the  ^Vtlantic  Ocean.  It  may 
Vfith.  truth  be  said  that  the  intervention  of  the  Gulf  of  Mexico  and  Ca- 
ribbean Sea  has  lightened  the  complexion  of  the  aboriginal  tribes  of 
North  and  South  Ainerica. 

In  the  last  place,  we  may  consider,  in  like  manner,  the  African  races. 
Tiifse  are,  as  we  sliould  expect  from  the  Liffh  tcniMraturc  ,.  .   . 

J'  1  HnatioiiH  im- 

of  tliat  continent,  all  dark,  yet  not  equally  so,  for  tlie  Herbers  preswd  m  ihn 
toward  tlie  Mediterranean  &]iore,  and  t!ic  Ilottentota  and  Kaf-  "'^^  "***" 
tirs  adjacent  to  the  Cape  of  Good  IIopo,  are  of  a  lighter  liue.  In  this 
class  we  ought  also  to  enumerate,  as  an  example  of  no  common  interest, 
the  native  Egyptians,  wlio  are,  perhaps,  the  ligJUest  ot*  all.  It  does  not 
.-ippear  that  there  has  been  any  marked  change  in  the  complexion  of  the 
Jiboriglnal  Egyptian  for  the  last  three  thousand  years,  so  far  b.s  can  be 
judged  from  a  comparison  of  the  descriptions  awl  pauitings  which  have 
descended  to  our  timea,  with  the  existing  Copta.  Leaving  the  Mediter- 
rain?an  shore,  and  advancing  to  the  south,  we  pasa  through  bands  of  pop- 
ulation sensibly  becoming  darker,  save  whcte  a  disturbance  arises  by  rea- 
son of  the  elevation  of  the  mountain  ranges.  On  the  north  of  the  equa- 
tor the  negro  iand  is  not  reached  until  we  arc  within  lU^  Inti-  Tiie  negm 
(ude.  The  time  negro  occupies  a  zone  crossing  through  tiie  con-  **"^' 
tinent  west  and  east.  If  our  examination  be  made  nicridloimlly,  in  the 
inantjer  just  supposed,  but  along  tlie  Red  Sea  coast,  the  complexion  of 
the  inhabitants  is  observed  to  darken  through  Upper  Egypt  and  in  Abys- 
synia.  Of  this  countr>'  it  is  interesting  to  remark  that  lE  still  retains  the 
fhristian  faith  as  delivered  to  it  in  the  remotest  times  of  the  CJiurch. 

The  portrait   of  an  Abya.^inian,  f'c^  -'•'•- 

Fhj.  276, from  M.  d'Abbadic,  shows 


Ab^Hintan.  KbMtc  at  MadDRUCBT. 

an  admixture  of  the  Arab  lineaments,  tliough  there  is  no  reason  to  suppose 
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that  this  13  due  to  the  admixture  of  Aralj  blood.  Of  llie  two  clashed 
of  Abysaitiians,  those  who  inhabit  the  iiiore  uoutherly  parts  have  &  coun- 
tenance much  more  approaching  to  the  negro.  They  are,  indeed,  an  in- 
trusive race,  w]io  conquered  in  more  recent  times  the  regions  in  which 
they  are  settled.  It  is  said  that  the  Amharic^  the  language  of  the  true 
Abyaainians,  ia  singularly  analogous  to  the  Hebrew. 

As  resembling  the  Abyssinians  in  many  respects,  tbougb  on  the  op- 
|X>site  side  of  the  equator,  may  be  mcntione'd  the  natives  of  Madagascar. 
Fig.  277t  p.  577.  Presenting,  in  some  particulars,  the  traces  of  jVrab  in- 
fluence, it  haa  nevertheless  been  inferred,  partly  from  their  language  and 
partly  from  their  features,  that  the  most  numeroas  class  is  of  JIaiay  ori*- 
gin.  Though  among  the  inferior  tribes  there  are  some  which  are  black, 
the  complexion  of  this  is  olive,  and  the  hair  is  not  woolly,  though,  it 
curia- 

It  should  be  constantly  borne  in  mind  that  the  resemblance  of  features 
EfideTireB from  is  no  proof  of  a  Community  of  origin.  The  intluence  of  cli- 
i'ounelMifuico  iii^te  and  of  manner  of  lite  is  so  great  that  in  a  due  period 
and  iiuieiuige.  of  time  the  most  diverse  tribes  will  show  similar  lineaments. 
^Vnalogy  in  the  structure  of  languages  and  identity  in  vocabulary  ia 
Diuch  better  evidence,  thougli  even  this  must  be  received  with  caution.  In 
reference  to  tins,  it  lias  been  very  significantly  remarked  that  birds  of  the 
■fii?-  379.  same  kind  sing  the  same  notes 

in  all  countries,  even  though 
under  such  circumstances  as  to 
exclude  the  poesibility  of  their 
having  been  taught  by  their 
parents. 

The  amnexed  figure,  278,  Is 
given  by  Dr.  Prichanl  as  a 
specimen  of  the  natives  of  Mo- 
zambique, The  expression  is 
undoubtedly  much  superior  to 
^^^^^^^^^^^^^^^  tiiat  prevailing  on  tlie  West 

fyf Mr^^^^^^KKKK^^^^m.  \  African  eoaat.  Of  some  of 
W'  ^^^^P^^^^^  '  '^        .    these  tribes  it  is  said  that  the 

TTiiiTfof  MoMmMquB.  Jiair  is  not  woolly^  but  merely 

frizzled.     It  grows  long,  and  hangs  in  slender  curla» 

Examining  the  zone  designated  as  negro  land,  we  find  that  the  negro 
Ameliorttioi]  character  of  its  inhabitants  is  not  in  all  parts  developetl  with 
equal  intensity,  'fhe  maximum  is  shown  in  the  Guinea 
countries,  and  from  thenee  across  the  continent  to  the  east 
the  physiognomy  improves.  The  negro  characteristics  may  be  specified 
as  intense  blackness  of  the  skin,  woolly  hair,  thick  lipg,  gaping  nostrils, 
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pi^  5:9.  and  £L  prognathoua  skull.     But  tlie  negro 

a&pect  U  not  limited  to  the  African  con- 
tinent ;  it  is  prolonged  or  projected  through 
tbc  Indian  into  the  Pacific  Ocean,  north 
and  Koutliof  the  equator,  in  a  zone  of  many 
tlegreeSi  Sumatra,  Borneo,  Celebes,  New 
Guinea,  and  part  of  Australia,  lie  in  tliis 
zone.  In  these  various  countries,  one  or 
anotlier  of  the  characteristics  we  have  mfen- 
tioned  predominate,  in  part  through  the  in- 
Huence  of  dimate,  flnd  in  part  tlirough  ad- 
mixture of  blood.  In  aomc  of  these  people 
tlic  hair  is  not  woolly;  in  some,  the  lips 
an3  thin,  and  the  nose  projecting;  in  some, 
the  form  of  the  skull  indicates  a  great  su- 
periority over  the  West  African  tribes.  But,  whatever  those  modifica- 
tions may  be,  the  black  races  of  the  Pacific  present  hi  their  general  ap- 
Pijyi^T,  pearance  so  pi*cdominating  a  negro  as- 

pect that  they  have  by  all  travelers 
been  clasaed  with  that  tribe.  (.)f  one 
of  these  natiou3t  Painpicr,  tiic  cai-ly 
na\'tgator,  speaks  as  "  siiock,  curl-pa- 
ted,  New  Guinea  negroes,"  The  por- 
trait, I*ig.  280,  from  Choria*s  Voyage 
Pittoreaque,  of  a  girl  of  the  island  of 
Luzon,  one  of  the  Philippines,  may  il- 
lustrate tliia  remark  ;  for,  though  tlic 
fonn  of  the  head  shows  a  very  great 
advance  upon  that  of  the  Guinea  ne- 
gro^  the  facial  angle,  resiH-cting  which 
more  will  shortly  be  said,  being  much 
larger,  and  the  relative  siac  of  the 
braiu  therefore  increased,  the  counte- 
nance is  essentially  that  of  tropical 
Africa. 

The  projection  of  the  African  type  into  the  Pacific  is  crossed  at  a  cer- 
tain point  by  a  like  projection  of  the  dark  Asiatic  type,  and  y„r-„j3f,(ig  ■^^ 
in  the  region  of  tliig  interaection  or  commingling  we  find  the  pressed  on  the 
most  degraded  specimens  of  humanity.  "^^"'"^  "*"' 

From  these  regions,  as  we  pass  eastwardly  toward  the  American  con- 
tinent, tlie  improvement  becomes  very  striking;  thus  the  An,(,^joratioiiirf 
natives  of  the  Society  Islands,  though  living  within  the  ihe  PcUrJid 
tropic,  are  of  a  clear  olive  or  brunette-     In  the  opinion  of  *??"  ^ '■"^^  "«*- 
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aome,  if  it  were  not  for  a  slight  thickness  of  the  lips  and  Bprcading  of 
the  nostrils,  tlie  countenance  would  be  European.  The  men  are  de- 
scribed as  'Mallj  strong,  well-hmbedt  and  hnel)'  shaped."  Many  of  the 
children  have  flaxen  Jiair ;  and  sailors,  who  are  generally  competent 
judges  of  such  matters,  universally  yield  a  tribute  of  admiration  to  the 
prettiness  of  the  women.  Captain  Bligh,  attributed  tlie  mutiny  in  hia 
ship  to  tlmt  interesting  cause. 

We  may  next  consider  variations  in  the  form  of  the  skeleton. 

Here,  more  particularly  in  the  classification  of  the  forms  of  skulls,  1 
LompnriBOTi  a^opt  the  divisioii  introduced  by  Dr.  Prichard,  from  whose 
of  skeletouft.  work,  above  alluded  to,  the  following  passages  are  extracted : 

"  In  all  other  raees>  compared  with  Europeans,  the  limbs  arc  more 
crooked  and  badly  formed.  In  the  negro  the  bones  of  the  leg  are 
bent  outward.  Soemmering  and  Lawrence  have  observed  that 
the  tibia  and  fibula  in  the  negro  are  more  convex  in  front  than  in  Eu- 
ropeans ;  the  calves  of  the  legs  arc  very  high,  so  as  to  encroach  upon  the 
hams  ;  the  feet  and  hands,  but  particularly  the  former,  are  flat  \  the  ob 
calcisT  instead  of  bciaig  arched,  ia  continued  noarly  in  a  straight  line  with 
the  other  bones  of  the  foot,  whicli  is  remarkably  broad." 

"  It  was  observed  by  White,  and  has  been  generally  believed,  that 
the  length  of  the  forearm  is  so  mucli  greater  in  tlic  negro  than 
in  the  European  as  to  constitute  a  real  approximation  to  the 
cliaracter  of  the  ape.  Facts,  however,  prove  hut  a  very  slight  diflfcrence, 
and  by  no  means  greater  than  the  varieties  which  are  every  day  to  be 
observed  on  comparing  many  individuals  of  any  raec  or  nation.  On  the 
other  hand,  the  diflference  between  adult  apes  and  men  in  the  length  of 
the  extremities  is  so  great  as  to  render  all  such  comparisons  very  remote, 
and  of  very  doubtful  unportance  with  respect  to  any  ulterior  conclusion. 
According  to  iSiIr.  Owen,  the  arms  of  the  oi'ang  reach  to  the  heel,  or  at 
least  to  the  ankle-joint,  while  In  the  chimpanzee*  or  troglodyte,  they  eX' 
tend  below  the  knee-joint.  This  is  a  most  decided  and  widely-marked  dif- 
ference between  iht  most  anthropoid  apes  and  the  uncultivated  races  of 
men.  Yet  even  the  shghtest  approach  to  the  former  shape  would  be  a 
curious  circumstance ;  if  it  could  be  (ully  established,  it  would  tend,  with 
other  facts,  to  imply  that  the  savage  races  of  mankind  liave  somewhat 
more  of  the  animal,  even  in  their  physical  conformation,  than  the  more 
cultivated  races,  or  those  whose  improvement  by  civilization  may  b* 
dated  from  a  very  remote  era  in  the  histoiy  of  the  world."" 

'*It  has  been  a  general  opinion,  since  the  time  of  ^emmering,  that 

...    ,  „_,-_     the  head  of  the  negro  h  placed  so  much  farther  backward  on 

Du^nmordift  the  vertebral  column  as  to  occasion  a  material  difference  in 

the  figure  of  the  whole  boily.     It  was  observed  by  Dauben- 

ton  that  the  foramen  magnum  is  placed  in  quadrupeds  behind  the  centre 


FOUR   METlIOnS   OF   EXvVMJNlNG   THE  SKILL. 


581 


Pitf.  ?BI. 


of  gravity,  whence  an  important  difference  arises  m  tiie  relative  poflition 
of  the  head  and  trunk  m  man  and  in  inferior  animals.  The  extent  of 
this  difference,  when  the  human  skeleton  ia  compared  with  that  of  the 
aimiR?,  haa  been  most  fully  made  known  by  Mr.  Owen,  whq  has  shown 
tiiat  it  is  much  greater  in  respect  to  the  adult  ape  than  it  haa  liitlierto 
been  supposed.  But  there  is,  in  reiility,  no  difference  in  human  races. 
Tlie  foramen  magnum  is  only  posterior  in  the  negro  skuU  to  its  place 
in  the  European,  in  consequence  of  the  projection  of  the  upper  jaw,  pai-- 
tieularly  of  the  alveolar  process." 

In  illustration  of  the  statement  of  Mr.  Owen  respecting  the  Tclativc 

length  of  the  arm  in  man 
and  in  the  more  anthropoid 
apes,  I  give  the  annexeil 
photography  I'tg.  281,  of 
the  human  skeleton  and 
those  of  the  chimpanzee 
and  orang.  Of  the  chim- 
panzee it  should  be  ob- 
served that  the  sjwcimen 
wa3  young.  They  are  all 
brought  nearly  to  the  same 
size  by  adjusting  the  dis- 
tances at  which  ihcy  were 
taken.  The  human  skclc- 
akHpionotmnn,  chimp«Q»M,  vui  omnij.  toii  was  that  of  a  man  more 

than  six  feet  in  height. 

There  arc  four  different  views  from  which  an  examination  ^ 

FolirTllri(k'9  of 

of  tlie  skull  of  man  and  animals  may  be  made  :  lat.  The  lat-  cxa>iiiiniixg  the 
eral ;  2d.  The  vertical ;  M,  The  basilar;  4th.  The  front.         "^''"■ 

1st.  The  lateral  view,  or  Camper's  method,  is  thus  described  by  the 
anatomist  who  introduced  it,  and  whose  name  it  bears. 

"The  baais  on  which  a  distinction  of  nations  ia  founded  may  be  dis- 
played by  two  straight  lines,  one  of  which  is  tu  be  drawn  -rh  i  t  ai 
through  the  meatus  auditorius  to  the  base  of  the  nose,  and  viaw^  or  Ciun- 
(he  other  touching  the  prominent  centre  of  the  forehead,  and  P"*™^  ^  ■ 
tailing  thence  on  the  mast  advancing  part  of  the  upper  jaw-bonc-,  the 
head  being  viewed  in  profile.  In  the  angle  produced  by  these  two  lines 
may  Iw?  said  to  consist  not  only  the  distinctions  between  the  flkulls  of 
the  several  species  of  animals,  but  also  those  which  are  found  to  exist 
between  different  nations;  and  it  might  be  concluded  that  Nature  has 
availed  herself,  at  the  same  time,  of  tliia  angle  to  mark  out  the  diversi- 
ties of  the  animal  kingdom,  and  to  establish  a  sort  of  scale  from  the  in- 
terior tribea  up  to  the  most  beautiful  forma  which  are  fomnd  in  the  human 
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speciea-  Thus  it  will  he  found  that  the  heads  of  birda  display  the  small- 
eat  angle,  and  that  it  always  becomes  of  greater  extent  in  proportion  as 
the  animal  approaches  more  nearly  the  human  tigure.  Thus  there  is 
one  species  of  tlie  ape  tribe  in  which  the  head  has  a  facial  angle  of  forty- 
two  degrees;  in  another,  of  the  same  family,  which  iB  one  of  those  simi» 
most  approximating  in.  figure  to  mankind,  the  facial  angle  contains  ex- 
actly fifty  degrees.  Next  to  this  is  the  head  of  the  African  negro,  which, 
as  well  aa  tiiat  of  the  Kalmuck,  fonns  an  angle  of  seventy  degrees,  while 
the  angle  discovered  in  the  heads  of  Europeans  contains  eighty  degrees. 
On  this  ditference  of  ten  degrees  in  the  facial  angle  the  superior  beauty 
of  the  European  depends  ;  while  that  character  of  sublime  Ijeauty,  which 
is  BO  striking  in  BOme  works  of  ancient  statuary,  as  in  the  head  of  Apollo 
and  in  tlie  Medusa  of  iSiaocles,  is  given  by  an  angle  which  amoimts  to 
one  hundred  degrees." 

As  illustrations  of  this  view,  the  subjoined  profiles  of  the  skull  of  the 
European,  J'7y.  283,  the  negro,  Fiff.  283,  the  chimpanzee,  Z^^.  284,  and 


the  orang,  J^ff.  285,  are  given.     Of  the  latter,  which,  of  apes,  are  among 


Lliim  pan  £(■<■. 


those  moat  closely  approaching  to  man^ 
the  chimpanzee  is  a  native  of  tropical 
Africa^  and  the  orang  of  the  Indian 
Archipelago. 

2d.  The  vertical  view*  or  BJumenbacirii  method. 


Orwf. 
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"  Blumenbach  gives  the  following  account  of  the  way  of  describing 
heads,  which,  he  says,  is  the  result  of  his  own  observations  The  vertical 
in  a  long  and  constant  study  of  his  collections  of  the  skulls  menhwA's 
of  different  nations :  He  remarks  that  the  comparison  of  the  method, 
breadth  of  the  head,  particularly  of  the  vertex,  points  out  the  principal 
and  most  strongly-marked  differences  in  the  general  con6guration  of  the 
cranium.  He  adds  that  the  whole  cranium  is  susceptible  of  so  many  va* 
rieties  in  its  form,  the  parts  which  contribute  more  or  less  to  determine 
the  national  character  displaying  such  different  proportions  and  direc- 
tions, that  it  is  impossible  to  subject  all  these  diversities  to  the  measure 
ment  of  any  lines  or  angles.  In  comparing  and  arranging  skuUs  accord- 
ing to  the  varieties  in  their  shape,  it  is  preferable  to  survey  them  in  that 
method  whicli  presents  at  one  view  the  greatest  number  of  characteristic 
peculiarities.  *  The  best  way  of  obtaining  this  end  is  to  place  a  series 
of  skulls  with  the  cheek-bones  on  the  same  horizontal  line,  resting  on  the 
lower  jaws,  and  then,  viewing  them  from  behind,  and  fixing  the  eye  on 
the  vertex  of  each,  to  mark  all  the  varieties  in  the  shape  of  parts  that 
contribute  most  to  the  national  cliaracter,  whether  tliey  consist  in  the  di- 
rection of  tlie  maxillary  and  malar  bones,  in  the  breadtli  or  narrowness 
of  the  oval  figure  presented  by  the  vertex,  or  in  the  flattened  or  vaulted 
form  of  tlie  frontal  bone.' " 

By  this  means  of  comparison  Blumenbach  obtains  a  division  of  skulls 
into  three  classes,  the  Caucasian,  Mongol,  and  Negro.  They  are  repre- 
sented in  Fig.  286,  Fig.  287,  Fig.  288,  and  l)r.  Prichard  has  added  to 
these  figures  Fig.  289,  the  artificially  elongated  skull  of  an  ancient  Pe- 
ruvian, from  the  burial-places  of  Titicaca. 


jSff.  asa. 


Fty.  287. 


3.  The  basilar  view,  or  Owen's  method. 

"  No  single  view  of  the  skull  determines  so  much  in  regard  to  its  gen- 
eral configuration  as  that  of  the  basis.     The  importance  of  .^^  bwiUr 
this  manner  of  examining  the  bony  structure  of  the  head  vieir,orOinn'» 
has  been  demonstrated  in  the  fullest  manner  by  Mr.  Owen,  "" 
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in  hie  excellent  inemotr  on  the  slnic- 

ture  of  the   oratig  and  ehimpanxee. 

The  relative  proportions  and  extent,  and  the  peculiarities  of  formation 

of  the  different  parts  of  the  cranium,  are  more  fully  discovered  by  this 

mode  of  comparison,  which  has  hitherto  been  much  neglected^  than  by 

any  other  method." 


num*n  skull.  SkuUcfcr^ns. 

"  It  may  be  observed,  in  this  view  of  the  cranium,  that  the  antero- 
posterior diameter  of  the  Laais  of  the  skull  is  in  the  orang  very  much 
larger  than  in  man*  The  most  strikhig  circumstance  wiiich  displays 
this  difference  ia  the  situation  occupied  by  the  zygomatic  arch  in  the 
plane  of  the  basis  of  the  skull.  In  all  races  of  men,  and  even  in  human 
idiots,  the  entire  zygoma  ia  included  in  the  anterior  half  of  the  basis  cra- 
nii ;  in  the  head  of  the  adult  Iroglodytei  or  chimpanzee,  as  well  as  in  that 
of  the  satjiTi,  or  orang,  the  zygoma  is  i^ituated  in  the  niitldlo  region  of  the 
skull,  and  in  the  basis  occupies  just  one  third  part  of  the  entire  length 
of  itfl  diameter.  Posterior  to  the  zygomata,  the  petrous  portions  have, 
in  the  siniise,  a  larger  development  in  (he  antero-postenor  direction. 
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Anolher  moat  rematkable  cliaraeter,  in  respect  to  wLich  tlioso  anatomistH' 
have  been  greatly  deceived  wlio  conipimd  only  young  troglodytes  witli 
man,  is  the  great  occipital  foramen,  a  feature  most  important  as  to  the 
general  character  of  structure  and  to  the  habits  of  the  whole  being. 
This  foramen,  in  the  Iiuman  head,  ig  very  near  the  middle  of  tiie  basis 
of  the  akull,  or,  rather,  it  i-s  situated  immediately  behind  the  middle 
tranaverse  diameter,  while  in  the  adult  chimpanzee  it  is  placed  in  the 
middle  of  the  poaterior  third  of  the  basis  craiiii.  A  third  charactetiatic 
in  the  ape  is  the  greater  size  and  development  of  the  bony  palate,  in  con- 
sequence of  wliich  the  teeth  arc  much  larger  and  more  spread,  and  want 
that  contitiuity  which  is,  generally  speaking,  a  characteri.^^tic  of  man;  and 
intervals  between  the  laniaiy,  cutting,  and  bicuspid  teeth  admit,  as  in 
the  lower  tribes  of  animals,  the  apicea  of  teeth  belonging  to  the  opposite 
jaws.  Fourthly,  the  basis  of  the  skull  is  flat,  owing  to  the  want  of  that 
downward  development  of  the  brain,  and  of  the  bony  case  connected  with 
the  greater  dimension  which  the  cerebral  organ  acquires  in  the  human 
being  compared  with  the  lower  tribes." 

4.  The  front  view,  or  Prichard's  method. 

'* Neither  the  facial  angle  of  Camper,  nor  the  method  of  viewing  the 
rtkuU  proposed  by  liluracnbach,  aftbrda  a  satisfactory  display  -riip  (■„,„[ ^^i^w 
of  Ihccbaracteriaticaof  the  pyramidal  or  iozeuge-faccd  skull/'  or  ivioimrd'jt 


^'InJ^Vy.  292,  which  ia  the  drawing  of  the  skull  of  an 
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Esquimaux,  the  lines  drawn  from  the 
zygomatic  arch,  loucJiiiig  the  temples, 
meeting  over  the  forehead,  form  with 
the  basis  a  triangular  Hgtire.  These 
two  lines  in  well-fonned  Eurojiean 
heads  are  parallel,  the  forehead  being 
very  much  broader  than  in  the  heads 
of  Esquimaux,  and  otlier  racea  whose 
skuUa  belong  to  the  same  great  division 
of  human  crania,  among  whom  are  the 
Mongolians,  and  otiieT  nomadic  nations 
of  Northern  Asia.  The  most  striking 
characteri^itiG  of  these  skulls  is  the  great 
lateral  or  ontward  projection  of  the  zyg- 
omatic arch.  The  cheek-bones,  rising  from  under  the  middle  of  the  or^ 
l)it,  do  not  project  forward  and  downward  under  the  eyes,  as  in  the  prog- 
nathous skull  of  the  negro,  but  take  a  direction  laterally  or  outward,  and 
turn  backward  to  meet  a  corresponding  projection  of  the  process  of  the 
temporal  hone,  and  form  with  it  a  large,  rounded  sweep  or  segment  of  a 
circle.  The  orbits  arc  large  and  deep.  The  upper  part  of  tbe  face  being 
remarkably  plane  or  flat,  the  nose  tlat,  and  the  nasal  bones,  as  well  as  thu 
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Space  between  tlie  eyebrows,  nearly  on  tiie  same  plane  ivltli  the  clieek- 
bones»  the  triangular  apace  dc9C!ribed  by  tlie  lincB  (drawn  on  the  wood- 
cut) m&y  he  compared  to  one  of  the  faces  of  a  pyramid*  The  whole  face, 
instead  of  an  oval  form,  as  in  moat  Europeana  and  many  AiVicans,  is  of 
a  lozenge  shape." 

"Anotiier  characteristic  in  most  of  the  p}'Tainidnl  skullg,  or,  rather,  in 
the  form  of  the  face  to  which  tliis  configuration  of  the  skull  gives  rise, 
is  the  apparently  angular  position  of  the  aperture  of  the  eyelids.  There 
ia  no  want  of  patalleliani  in  the  orbits,  or,  rather,  of  coincidence  in  the 
transverse  sections  of  the  orbital  cavities.  The  obliquity  consists  in 
the  structure  of  the  Uds  theniselvca;  the  skin,  being  tightly  drawn  over 
the  large  protuberance  of  the  malar  bone,  under  the  outer  angle  of  the 
eye,  and  at  the  inner  extremity  smoothly  extended  over  the  lower  nasal 
bones,  whde  the  bridge  of  the  nose  ia  scarcely  elevated  above  the  plane 
of  the  suborbital  spaces,  gives  to  the  eye  the  appearance  of  being  placed 
with  the  inner  angle  downward." 

*'The  oval  or  elliptical  form  is  that  of  Europeans,  and  the  southern 
Asiatics  who  resemble  them ;  the  zygomatic  hones  and  the  jawa  being 
less  protuberant,  the  entire  outline  of  the  head,  viewed  from  above,  Ixas 
no  projecting  angular  parts,  and  is  detined  by  an  oval  circumference.  But 
in  that  oval  figure,  or  rather  eihpse,  the  two  diameters  vary  considera- 
bly in  proportion;  in  otlicr  words, some  nations  have  rounder,  mtiiers  more 
elongated  heads.  Tije  shape  of  the  bralti,  and  of  ihe  skull  at  its  basis, 
ia  in  the  rounder  heads  more  like  that  of  the  pyramidal  skull,  or  the 
cranium  of  the  northern  Asiatics;  in  the  narrower  heads  it  approaches 
the  figure  of  the  elongated,  or  negro  head." 

We  may  therefore  conveniently  classify  ekulls  in  tliree  divisiona : 

1st.  The  prognathous,  which  is  represented  in  J^t'ff.  293,  being  the 
ciassificfiiioa  sfcuU  of  0.  ncgTO  of  very  forbidding  aspect.  This  form  is 
of  BkuHs.  marked  by  a  forward  projection  of  the  jaws,  the  brain  being 
therefore,  aa  it  were,  tliroii^'n  backward  as  respects  the  face,  the  forehead 
being  nsore  horiaontal  and  low, 

2d.  The  pyramidal,  J^/y.  292,  which  gives  rise,  as  has  been  stated 
abovct  to  the  loaenge-shaped  face. 

3d.  The  elliptical  or  oval,  whiclii  viewed  from  above,  has  an  oval  con- 
tour without  projecting  parts,  and  in  the  profde  ahows  a  large  facial  an- 
gle, as  in  the  French  skull,  J^iff.  294. 

These  forms  of  skull  seem  to  be  connected  very  closely  with  habits 
Connection  of  of  hfe :  thc  prognathous  with  the  savage  fttate,  or  that  of 
Lhc  'i.'flTn'll  ^u^nt^^^g »  ^he  pyramidal  witli  a  wandering  pastoral  life ;  and 
mjumt^r  of  life,  thc  cllipticfll  wilh  that  of  civilisation. 

With  respect  to  thc  form  of  the  pelvis  in  different  nations,  thc  vnria- 
tionj!  are  by  no  means  so  significant  as  in  the  case  of  thc  cranium,  Inaa- 
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much  as  they  are  of  indiscriminate  oc- 
currence. It  may  perhaps  be  maintained  in  a  general  way, 
that  ill  tlie  less  advanced  tribes,  as  in  the  female  Hottentot, 
there  is  an  approximation  to  the  form  exhibited  by  the  simise,  the  iliac 
bones  being  more  vertical,  and  the  whole  structure  characterized  by  its 
length  and  narrowness.  Professor  Weber,  who  has  examined  this  sub- 
ject with  care,  concludes  that  no  particular  figure  of  the  pelvis  is  a  char- 
acteristic of  any  one  race. 

The  remarks  which  have  been  made  respecting  variations  of  complex- 
ion, as  exhibited  in  different  climates,  might  almost  be  re-  The  physical 
peated  as  respects  variations  of  the  form  of  the  skull,  origin  ■tio^'in'*the*" 
nating  in  difference  of  physical  circumstances ;  for  as  the  skull, 
complexion  varies  in  different  temperatures,  so  does  the  figure  of  the 
skull  in  different  social  conditions.  The  elliptical  skull,  which  beyond 
all  doubt  is  tliat  wliich  belongs  to  man  in  his  most  civilized  state,  may 
be  deteriorated  and  degraded  even  to  the  lowest  prognathous  form. 
Want  and  squalid  misery  will  produce  this  result.  Igno-  ludegrftdation 
ranee,  mere  animal  life,  social  degradation,  lead  to  its  ap-  ^y  ^*°'- 
proach  in  varied  degrees.  Even  in  the  large  European  cities  we  recog- 
nize the  incipient  stages  of  it  in  those  classes  who  follow  a  precarious 
life — the  projecting  jaw,  the  retreating  forehead,  the  mouth  habitually 
open,  or  tlie  lips  parted  so  as  to  show  the  teeth.  Mr.  Thackrah,  in  his 
work  on  the  Effects  of  Arts,  Trades,  etc.,  on  Health  and  Longevity,  says, 
"  I  stood  in  Oxford  Road,  Manchester,  and  observed  the  stream  of  oper- 
atives as  they  left  the  mills  at  twelve  o'clock.  The  children  were  almost 
universally  iU-looking,  small,  sickly,  barefoot,  and  ill-clad.  Many  ap- 
peared  to  be  no  older  than  seven.  The  men,  generally  from  sixteen  to 
twenty-four,  and  none  aged,  were  almost  as  pallid  and  thin  as  the  chil- 
dren. The  women  were  the  most  respectable  in  appearance,  but  I  saw 
no  fresh,  fine-looking  individuals  among  them.  Here  I  saw,  or  thought 
I  saw,  a  degenerate  race — human  beings  stunted,  enfeebled,  depraved." 
Under  the  opposite  circumstances,  where  life  is  maintained  in  indolence 
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and  plenty,  tlto  convprse  effects  may  take  place.  t)f  tliia,  perliapa  the 
Itari^ciiik-iiiicn  '"0'^^  Striking  illuatratioii  is  tliat  pointed  out  by  Dr.  Prichard 
l)y  luxury,  of  the  losa  of  the  pyramidal  form  of  skull  "by  the  European 
Turks,  a.  form  whicK  appertained  to  their  Asiatic  ancestors,  and  the  as- 
Gumption  of  the  elliptical,  tho  skull  not  of  a  wandering,  but  of  a  atation- 
ary  and  civili:::ed  race.  Nor  has  this  transmutation  taken  place  in  them, 
in  the  short  period  since  they  Timde  their  European  conquest,  because  of 
the  influence  exercised  by  the  Circassian  and  Georgian  women  intro- 
duced into  their  harems,  for  this  liaa  been  npon  too  small  a  scale  to  pro- 
duce sucii  a  general  result,  and  is  a  luxury  which  can  only  be  indulged 
in,  by  the  ■wealthier  classes. 

As  a  descent  is  made  to  the  skull  of  the  prognatJious  form,  the  cotm- 
Coniro^t  It-  tcnancc  loses  those  features  which  we  regard  as  being  beau- 
nBi^^nJaanilTi-  *'*'"1>  ^^*^  assumes  a  baser  cast.  When  it  has  reached  the 
liptiiaii  sltulla.  limit  ui  that  dircetion^  it  is  actually  hideous,  recalling  at 
once  the  detestable  aspect  of  the  ape.  In  tliia  state,  in  the  tropical  oli- 
inatC3»  the  lips  are  thiclc,  the  liair  woolly,  the  noatrilsi  gaping.  Tlie  in- 
tellectual powers  are  correspondingly  depressed  ;  the  dullness  of  the  eye, 
its  porcelain -like  sclerotic  contrasting  witii  the  blackness  of  the  skin,  is 
in  correspondence  with,  the  low  and  degraded  mental  power.  On  the 
contrary,  when  the  pai*sagc  is  made  toward  the  elliptical  form,  the  coun- 
tenance becomes  more  beantitul  and  interesting,  capable  of  expressing  the 
most  refined  mental  emotions.  Tlio  eyes,  in  an  indescribiOilo  hut  sig- 
nificant manner,  manifest  tho  exalted  powers  of  the  mind,  and  the  lip& 
are  composed  or  compressed. 

If  I  am  not  mistaken,  darkness  of  the  skin  and  a  prognathous  form  of  J 

Modfl  in  whkh  skull  may  bo  dependent  in  the  dark  tribes  on  the  same  cir-  I 

dark'^coiM'L'lui*  cunislance.      Functionally  the  liver  is  in  connection  with  the  I 

ioa.  calorifaciont  apparatus,  its  secretion,  the  bile,  as  shown  in 

Chapter  XL,  coinciding  in  habitudes  with  a  hydrocarbon,  ilucli  of  it 
is  therefore  reabsorbed,  and  eventually  devoted  for  the  support  of  a  high 
temperature.  But,  besides  tliia  combustible  material,  the  bile  likewise 
contains  a  coloring  matter,  whicli  is  in  all  respects  an  efiete  body,  and 
useless  to  the  system.  This  pigment  is  derived  from  the  blood-disca, 
or,  rather,  from  their  hiematin,  as  is  proved  by  the  fact  ttiat  Jt  occurs  in 
the  meconium  of  the  new-bom  infant,  and  likewise,  like  ha'matin,  it  is 
rich  in  iron.  Its  source  is,  therefore,  not  immediately  from  the  food. 
To  remove  this  useless  material  is  thus  one  of  the  primary  functions  of 
the  liver. 

Now  there  is  no  organ  w!iich  ia  more  quickly  disturbed  in  its  duty  by 
infiiipnccufthe  a  liJgh  temperature  than  the  liver.  Whether  such  a  high 
I'^vcrlinVhl)'^  tem|jerature  produces  its  effect  through  a  disturbance  of  the 
.ompltixion.      action  of  the  lungs,  or  through  an  impression  on  the  skin,  14 
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quite  immaterial.  If  the  organ  be  in  any  manner  enfeebled  in  its  duty, 
and  no  other  avenue  ia  open  through  whicli  the  degenerating  hseraatin 
may  escape,  it  must  accumulate  in  the  circulation,  and  be  deposited  here 
and  there  in  suitable  places.  Under  such  circumstances,  there  arises  a 
tendency  for  its  accumulation  in  a  temporary  manner  in  the  lower  and 
more  spherical  cells  of  the  cuticle,  from  which  it  is  removed  by  their 
gradual  exuviation  and  destruction  as  they  become  superficial.  The 
temporary  deposit  of  the  coloring  matter  in  this  situation  imparts  to  the 
skin  a  sliadc  more  or  less  deep.  It  may  amount  to  a  perfect  blackness ; 
for  the  origin  of  the  black  pigment  of  the  negro  is  the  same  as  jhecoiorofthc 
that  of  tlie  black  pigment  of  the  eye  in  all  races,  and  the  pre-  »•'''»  derived 

,.,  °  „.  .  I'll  ''""o  th^  li»- 

dommating  percentage  oi  iron  it  presents  plamly  betrays  matia  of  the 
that  it  arises  from  a  degenerating  hwrnatin,  in  wliich  the  ^'°®^- 
same  metal  abounds. 

I  believe,  therefore,  that  the  coloration  of  the  skin,  whatever  the  par^ 
licular  tint  may  be,  tawny-yellow,  olive-red,  or  black,  ia  connected  with 
llie  manner  in  which  the  liver  is  discharging  its  function.  Tliat  de- 
posits of  black  pigment  can  normally  arise  in  the  way  of  a  true  secretion 
by  cell  action  is  satisfactorily  proved  by  their  occurrence  in  angular  and 
ramified  patches  in  the  skin  of  such  animals  as  the  frog ;  and  that  ha^ 
inatin,  in  its  degeneration,  may  give  rise  to  many  different  tints,  is  sub- 
stantiated by  the  colors  exhibited  by  ecchymoses. 

It  is  not  to  be  forgotten  that  coloration  of  the  skin,  though  apparently 
persistent,  is  tending  continually  to  a  removal,  because  of  Constant  re- 
the  oxidation  which  is  taking  place  as  the  pigment  cells  ap-  ™°or'*o/*^^^ 
proach  the  surface  of  the  cuticle  in  their  process  of  desquama-  s^in. 
tion ;  but  as  this  goes  on,  new  cells  and  new  pigment  are  perpetually 
forming  beneath,  to  undergo  destruction  in  their  turn.  Under  this  point 
of  view,  the  complexion  of  the  skin  is  an  index  of  the  energy  with  which 
that  tissue  is  addressing  itself  for  the  removal  of  metamorphosing  haj- 
matin.  In  accomplishing  this  removal,  the  liver,  in  the  fair  races  of  man- 
kind, exerts  a  sufficient  activity ;  but  in  hot  climates,  tlie  habitation  of 
the  black  races,  either  through  a  diminished  power  of  that  gland,  or  be- 
cause of  an  increased  production  of  effete  pigment,  the  skin  has  to  lend 
its  aid,  and  the  degree  to  which  it  does  this  is  betrayed  by  the  depth  of 
its  hue. 

Having  thus  traced  the  coloration  of  the  skin  to  existing  peculiarities 
of  hepatic  action,  I  may  repeat  the  remark  already  made,  influence  of  the 
that  it  is  not  improbable  that,  in  the  most  degraded  negro  er 0^1^! fom of 
type,  the  prognathous  form  of  the  skull  may  be  attributed  the  ekuU. 
to  the  same  cause.  ^ 

Not  that  this  alone  is  always  the  cause,  for  a  prognathous  skSl  can 
by  degrees  arise,  as  we  have  seen,  in  any  race,  even  the  white,  from  a 
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variety  of  causeHT  such  as  misery,  want,  or  an  oppressed  social  state.  It 
is,  however,  oa  all  hands  admitted  that  noHiing  so  quickly  disturbs  the 
brain  in  its  action  as  functional  disturbance  of  the  liver.  If,  through  a 
partial  failui-e  in  the  operation  of  that  great  gland,  the  products  which  it 
should  normally  secrete  begin  to  accumulate  in  the  blaod,  or  have  to 
seek  new  cliannela  for  their  escape,  the  vigor  of  the  intellect  is  at  once 
impaired.  It  is  w^ith  the  brain  a3  it  is  with  any  other  organ,  a  de-clinc 
in  its  activity  is  soon  followed  by  a  deterioration  or  diminution  of  its 
attucttire,  and  we  mast  not  forget  that  it  is  not  the  brain  which  accom- 
modates itself  to  the  capacity  of  the  akull^  but  the  skull  which  accomino-^ 
dates  itself  to  the  shape  and  siae  of  the  brain.  Whatever  the  causes  may 
be,  and  of  course  they  are  very  numerous,  which  tend  to  lessen  the  en- 
tire  cerebral  mas3»  or  by  inequality  in  their  effect  produce  the  develop- 
ment of  one  part  with  the  contemporaneous  diminution  of  another,  they 
will  inevitably  give  rise  to  a  moditication  in  the  figure  of  the  skull ; 
and  ohscrvation,  ag  well  09  plirenological  considerations^  would  cause  us 
to  anticipate  that,  if  the  effect  takes  place  in  such  a  way  as  to  involve  the 
higher  powers  of  intellection,  the  skull,  answering  in  ita  change  thereto, 
will  aaaume  the  prognathous  caat. 

From  what  I  have  said  respecting  the  relationslnp  of  different  nations 
H  r  d'tarv  of  men,  it  will  be  gathered  that  the  peculiarities  on  which  Tre 
tranjinisaLon  havc  bccn  dwelbiig,  the  complexion  and  form  of  the  skull,  as 
dependent  upon  hepatic  action,  are  capable  of  hereditary  trans- 
mission ;  for  such  a  modihed  glandular  action,  in  whatever  manner  il 
may  have  been  occasioned,  can  be  propagated  in  that  way. 

In  these  remarks  it  will  be  perceived  that  I  have  mainly  had  in  view 
BBwfnrm  <»f  that  degi-adation  tVora  the  more  perfect  standard  of  man  which 
from  rJ^TiTO-  ^^  encountered  in  hot  climates,  and  which  finds  its  e?:pTeasion 
pemtara.  in  a  blacknesa  of  the  skin  and  a  b^se  form  of  the  skull.  But 
there  is  likewise  a  white  degraded  form.  It  is  that  which  we  meet  in 
the  highest  latitudes,  and  it  is  therefore  dependent  upon  climate,  that  is 
to  say,  temperature.  Here  no  such  tax  in  thrown  upon  the  skin  as  is 
the  case  in  the  tonid  zone,  hut  here  the  intellectual  powers  are  greatly 
enfeebled,  if  for  no  other  reason,  at  least  because  of  the  hardships  under 
which  life  must  be  maintained.  It  is  not,  therefore,  in  very  high  or  vet)' 
low  latitudes  that  we  shotdd  expect  to  find  man  in  his  best  estate,  and 
thia  is  corroborated  by  the  history  of  all  racea.  It  is  true  that,  by  the 
artificial  control  which  we  have  obtained  over  temperature  by  the  aid  of 
cJotbing  and  improved  modcg  of  shelter,  we  ]iave,  In  some  degree,  with- 
drawn  ourselves  from  the  absolute  dominion  of  climate;  but,  putting 
these  disturbances  of  civilization  aside,  and  looking  only  to  our  natural 
state,  we  shall  be  constrained  to  admit  that  the  man  of  maximum  intel- 
lectual capacity  is  of  a  faint  bro^vn  hue.     Nor  was  it  through  any  acci- 
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dental  circumstance,  but  because  of  physiological  conditions,  Maximum  of 
that  civilization  arose  in  Egypt  and  in  the  Mesopotamian  Ihe^fi^t^^,"^ 
countries.     It  was  for  a  like  physiological  reason  that  it  races, 
spread  next  through  the  nations  on  the  north  shore  of  the  Mediterranean, 
and  never  spontaneously  originated  in  Arctic  Europe  or  Tropical  Africa. 

Moreover,  it  must  be  observed  how  forcibly  the  doctrine  here  urged  of 
the  passage  of  man  from  one  complexion  to  another,  and  Digappearaiic- 
through  successively  diflFerent  forms  of  skull  in  the  course  of  <>' *^«  red-hair- 
ages,  is  illustrated  by  the  singular  circumstance  to  wlxicli  at-  eyed  people  in 
tention  has  of  late  years  been  directed,  of  the  gradual  disap-  J^"™?*- 
pearancc  of  the  red-haired  and  blue-eyed  men  from  Europe.  Less  than 
two  thousand  years  ago,  the  Roman  authors  bear  their  concurrent  testi- 
mony to  the  fact  that  the  inhabitants  of  Britain,  Gaul,  and  a  large  portion 
of  Germany  were  of  that  kind.  But  no  one  would  accept  such  a  descrip- 
tion as  correct  in  our  times.  By  some  writers,  who  have  not  taken  en- 
larged physiological  views,  this  curious  circumstance  has  been  attempted 
to  be  explained  on  the  hypothesis  of  a  more  prolific  power  of  tiie  brown 
or  black  haired  and  darker  man.  That  this  is  correct  not  a  shadow  of 
evidence  can  be  oflFered.  The  supplanting  of  the  red  by  the  black  haired 
man  is  neither  on  account  of  any  insidious  or  involuntary  extermination, 
nor  because  of  the  numerical  pressure  alluded  to.  The  tnie  (■„„»- of  th's 
reason  is  that  the  red-liaired  man  has  himself  been  slowly  apparent  dis- 
changing  to  get  into  coiTcspondence  with  the  conditions  that  ■PP'^*'"*"'*- 
have  been  introduced  through  the  gradual  spread  of  civilization — condi- 
tions of  a  purely  physical  kind,  and  with  which  the  darker  man  was  more 
nearly  in  unison ;  for  though  it  might  be  shown  that  the  climate  of 
Europe,  by  reason  of  the  removal  of  forests,  and  other  causes,  chiefly  agri- 
cultural in  their  nature,  has  undergone  a  change,  this  is  nothing  compared 
with  the  changes  tliat  have  been  accomplished  in  domestic  economy  by 
better  clothing,  and  more  comfortable  lodging  and  food,  and  these  are  par^ 
allel  to  actual  changes  in  climate.  What  a  contrast  between  the  starved, 
naked,  and  almost  houseless  peasant-savages  of  the  times  of  Ctesar,  and 
the  well-fed,  well-clothed,  and  well-housed  agricultural  laborers  or  manu- 
facturing operatives  of  ours,  who,  though  they  may  be  living  in  the  same 
geographical  region,  are  literally  in  a  warmer  and  more  genial  climate — a 
climate  with  which  man  is  only  in  correspondence  when  his  skin  is  of  a 
darker  shade,  and  his  hair  of  a  brown  or  black  color ! 

From  these  investigations  of  the  anatomical  peculiarities  of  the  nations 
of  men,  we  may  turn  to  those  of  a  mental  kind,  which,  in-  oftheinteii 
deed,  are  derivatives  thereof.      Doubtless  the  intellectual  uai  quaiitieB  of 
qualities  are  manifested  in  the  expression  of  the  countenance  °*'"""- 
and  in  the  capacity  of  the  form  of  the  skull. 

Considering,  for  the  sake  of  convenience,  groups  of  nations  as  they 
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tire  dietribated  geographically,  though^  as  wc  Jiavc  seen,  tbis  is  a  divis- 
ion wLicIi  had  no  philosopliical  foundation,  we  may  ]>roc*ed  to  an  exam- 
inatioji  of  the  paycliical  state  of  the  European  and  Asiatic^  wlioae  history 
fomishes  us  abundant  materials  for  this  purpose.  Tiie  black  nations  of 
Africa  and  the  red  tribes  of  America,  from  the  imperfect  advances  thev 
liave  made  toward  civilization,  can  supply  but  few  facts  for  such  an  in- 
vestigation. 

We  can  not  read  the  histories  of  Europe  and  Asia — we  can  not  exam- 
svnthoiical       '"'^  ^^^  present  condition  of  tliose  continents,  without  coming 

iniiiiiorthc  tQ  the  conelusiou  that  the  people  inhabiting  them  possess  a 
Ahm!:;  ana-       ...  ,  ■■*,■  iii'i 

iviieaimiiiii  of  tustutct  mental  eonstitudon.  Alter  what  lias  been  said  re- 
the  Europcitn.  gpccting  the  influence  of  physical  circumstances  on  the  op- 
ganizatioji  of  man,  it  is  luiiiccessary  for  us  to  inquire  here  in  what  that 
distinction  lias  originated.  It  is,  perhaps,  most  significantly  expressed 
if  we  say  that  the  mind  of  the  Asiatic  is  essentially  synthetic,  that  of  the 
European  analytic.  The  fonnor  is  the  creator  of  systems  of  tlieolog}', 
Eaw,  Gciencc'j  some  of  which  have  endured  for  thousands  of  years,  and 
have  been  adopted  by  a  large  j>ortion  of  the  human  race.  The  latter 
pursues  hia  course  in  a  way  less  grand,  but  which,  since  it  has  a  better 
ascertained  foundation,  leads  to  more  certain,  and,  in  the  course  of  ceii- 
turies,  will  show  more  powerful,  wiJespread,  and  equally  lasting  rcsalts. 
The  intellectual  peculiarity  of  the  Asiatic  has  been  attended  with  the  ad- 
vantage of  producing  an  almost  definite  social  state.  In  Asia  the  cus- 
toms remain  invariable »  every  thing  is  in  a  state,  as  we  might  term  it, 
of  stagnation,  or,  as  they  consider  it,,  of  repose.  On  the  other  hand,  the 
analytical  tendency  of  the  European  has  led  to  the  intcllcctua!  and  polit- 
ical anarchy  of  our  times,  when  fundamental  doctrines  of  every  kind  are 
called  ill  question,  and  scarce  two  men  can  be  found  wliose  vicwa  on  re- 
ligious, political,  and  fioeial  rjucstions  coincide.  In  Asia  there  are  no 
<|uesl!ons,  but  only  affinnations.  Europe,  except  when  the  Ciiiii'ch  for 
ji  thousand  years  enforced  the  Asiatic  system,  liaa  ever  been  prone  to  ask 
"piestioiis.  Since  the  fourteenth  ccntiury,  when  she  returned  to  this  pro- 
l>ciiMity,  she  has  been  passing  through  a  chaos  of  doubt  in  llie  inuunicr- 
ablo  answers  she  receives. 

With  an  intellect  of  this  analytical  kind,  it  may  be  doubtful  whctltcr 
\cce»sit.Y  of  the  European  could  ever  have  spontaneously  entered  on  the 
iiic  Aiiaiic  10  ^.^Jf.^J  pf  civilization.  T)ie  contact  of  the  Asiatic  was  essen- 
ili;uiiion.  ,  tial  to  liiin,  as  giving  him  the  material  on  which  to  work. 
\or  was  it  of  importance  whether  the  basis  from  which  he  thus  started, 
and  the  additions  which,  from  time  to  time,  he  lias  received,  were  true  or 
false ;  they  furnialicd  liim  with  tlic  essential  condition  that  was  wanting. 
The  dissector  must  liavc  his  subject.  The  history  of  Europe,  whether 
as  regards  pMloHophieal,  idigioua,  or  political  affairs,  bears  the  impress 
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oi"  the  analytical  mind  of  the  white  man.  In  Asia,  on  all  these  pointa 
they  tend  to  the  homogeneous.  In  Kurope,  every  day  makes  ua  more 
and  more  heterogeneous. 

Thus  compared  with  that  of  the  Asiatic^  it  can  not  be  denied  that  the 
mind  of  the  European  is  of  tlie  higher  order.  Moreover,  though  CompHriwon 
our  moral  qualities  are  not  equal  to  our  intellectual,  the  man-  ^J.^  E^^p^^*,, 
ner  in  which  we  act  in  the  conditions  in  which  we  are  placed  inwlSeci. 
asserts  our  euperiority  even  in  that  regard.  The  inatancca  are  many  in 
which  we  do  not  dare  to  carry  our  convictions  into  execution,  and  each 
of  theae  illustrates  the  inequality  here  set  forth.  To  be  content  with  the 
chances  of  things,  to  sutfcr  the  events  of  life  uncomplainingly,  is  surely 
not  BO  worthy  a  character  as  to  demand  a  reason,  and  to  accept  the  con- 
sequences of  reeistaiice. 

The  intellectual  superiority  of  the  European  over  the  Asiatic  is  strik- 
ingly iUustiatcd  by  their  relative  power  over  tho  African,  who  Thej^  ^^5.^01 
is  confessedly,,  in  this  respect,  beneath  them  both.  To  go  no  xvo  infiuenoe 
farther  back  than  the  last  ten  centm-ies,  both  have,  in  their  °"  '^*' 
special  way,  exerted  their  influence.  Ilerc  and  there,  on  the  outakirt^ 
of  that  great  continent,  the  European  has  made  a  faint,  but,  at  the  best, 
only  a  transitory  impression :  the  Asiatic  has  pervaded  it  through  and 
through.  Of  the  promising  churches,  which,  in  the  early  days  of  Chris- 
tianity, fringed  the  nortiiern  coast,  scarce  any  vestige  now  remains  ;  the 
faith  of  :lrabia  has  not  only  supplanted  them*  but  ie  spreading  even  to- 
ward llie  Cape  of  Good  Hope,  and  this,  as  it  would  appear,  s]K)ntaneou9- 
ly.  On  the  other  liand,  tlic  European,  with  that  universal  charity  which 
is  his  noblest  attribute,  has  spared  no  exertions  and  no  expense  to  dif- 
fiise  the  blessings  which  have  been  conferred  by  Providence  upon  him ; 
and  yet  it  would  seem  to  be  in  vain,  though  enforced  by  the  great  exam- 
ple of  his  civQization  and  power.  In  this  we  see  the  affinity  of  the  mind 
of  Africa  with  that  of  Asia,  of  wliich  it  ia  an  exaggeration,  and  its  incon- 
gruity with  that  of  Europe,  It  can  not,  in  its  present  state,  appreciate 
oiu-  manner  of  thinking ;  it  can  not  embrace  our  conceptions  of  truth,  but 
delivers  itself  unresistingly  to  the  dogmas  of  the  East,  with  all  tlieir  er- 
rors of  faith  and  all  their  imperfections  of  polity. 

Since  I  liave  been  dra^vTi  into  a  psychical  comparison  of  the  Asiatic 
and  European  in  the  foregoing  particulars,  it  may  not  be  p  .  ,  ^ 
amiss  to  consider  the  two  racca  in  another  important  respect,  wgmca  in  Asin 
the  condition  of  their  females.  In  tlie  barbarous  state,  the  """^ '"  ^""^P'"' 
woman  is  the  slave  of  the  man  ;  the  MobanuncJan  makes  her  his  toy,  the 
European  hia  companion.  The  avarice  of  the  former  for  beauty  is  re- 
placed in  the  latter  by  an  avarice  for  wealth.  The  treasures  of  the  one 
are  placed  in  a  harem  ;  those  of  the  other  are  perhaps  invested  in  the 
public  stocks. 

Pp 
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The  natural  position  of  the  feniale  sex  in  this  respect  ia  indicated  at 
once  by  the  rcUtion  of  numbers*  In  Europe^  for  every  106  male  birtfaa 
there  are  100  female,  and  as  the  sex  of  offspring  is  influenced  hy  the 
relative  ages  of  the  parents,  the  older  parent  giving  a  tendency  to  its  own 
sex,  we  may  reasonably  suppose  that  in  the  infants  born  of  polygamy 
the  males  will  preponderate,  reversing  the  result  whith  is  observed  in  the 
great  cities  of  Western  Europe,  in  wliich  the  ratio  of  female  birtha  rises 
above  its  true  mean  by  nearly  four  per  cent,  wlien  those  births  are  ille- 
gitimate. In  that  term  of -the  market,  four  per  cent,,  what  a  volume  of 
information  is  here  conveyed!  It  tells  us  that  the  European  female  does 
not  fall  at  once ;  that  there  intervene  years  of  resistance  to  temptation,  a 
struggle  of  virtue  against  penury  and  distreaa,  but  it  also  reveals  the 
precocious  wickedness  of  man ! 

Considering,  theretore,  the  near  equality  of  male  and  female  births,  we 
may  truly  assert  that  monogamy  is  the  proper  condition  of  our  species, 
and  that,  apart  from  its  social  evils  arid  criminality,  polygamy  is  an  tm- 
natural  state.  I  sluJl  pass,  as  unworthy  of  notice,  the  assertion  of  those 
who,  in  this  Christian  country,  practice  so  shameful  a  vice,  that  we  might 
us  well  divide  tlie  number  of  square  acres  on  the  face  of  the  globe  by  the 
number  of  ita  inhabitants,  and  declare  it  to  he  immoral  in  any  one  to 
poBBess  a  larger  estate  than  corresponds  to  the  quotient  thereof.  Ac- 
knowledging the  natural  depravity  of  the  human  heart,  I  accept  with 
humiliation  the  rebuke  that  the  most  enlightenetl  communities  exhibit 
in  these  respects  a  deplorable  sjiectacle,  and  that  the  vices  of  the  Mo- 
hammedan harems  find  their  full  counterpoise  in  the  gcnei'al,  the  awful, 
and,  in  many  places,  the  legalized  prostitution  of  Christian  cities. 

Europe  hag  adopted  as  the  fundamental  basis  of  its  religious  syatem 
KfT  ts  f  r  ^^'^  grand  Asiatic  truth  of  the  unity  of  Crod,  but  in  its  family 
lygMEiy  mJ  system  it  has  rejected  the  immemorial  and  widespread  Asi- 
awnogiroy.  ^^-^^  p^ctj^jg  gf  polygamy.  That  circumstance  has  made  it 
tt-hat  it  is.  The  monogamous  habit  has  tended  to  draw  the  family  tic 
more  firmly,  and  has  led  to  the  accumulation  and  transmission  of  wealth 
from  generation  to  generation  in  the  same  house.  With  tlua  has  arisen 
a  liability  to  concentration  of  power  in  castes,  and  the  use  of  surnames 
which  have  perpetuated  family  interests  and  tainily  pride*  In  Europe 
tlie  career  of  improvement  is  in  the  society ;  in  Asia  it  is  in  the  individ- 
ual ;  the  unknown,  starving,  illiterate,  but  strong-willed  soldier  of  to-day 
ia  the  Pasha,  the  Caliph,  the  Emiieror  to-morrow.  The  castes  of  India 
The  rcBpectivc  form  but  a  trilling  exception  to  the  fact  that,  in  the  midst  of 
ATtln/Fti-  ^  universal  despotism,  the  primest  democratic  clement  is 
rope.  concealed,  for  the  career  is  open  to  talent.     Through  this, 

Asia  has  asserted  her  superiority  again  and  again.     Europe  has  never 
produced  a  great  lawgiver;  Asia  has  produced  many.     Generations  of 
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three  hundred  milltona  of  men  have  followed  the  Tnaxims  of  Confucius  for 
two  thousand  years,  three  hundred  milliona  are  the  followers  of  lloham- 
med.  The  faiths  which  govern  the  daily  iJie  of  two  thirds  of  the  human 
race  may  well  be  an  awful  spectacle  to  ms — the  more  awful  because  we 
know  that  they  are  a  delusion.  The  only  approach  to  theae  great  results 
in  the  Western  Continent  is  in  the  supremacy  of  the  Italian  Church ;  but 
Rome  owed  the  origin  of  her  ayatem  to  Asiatic  miasionariea ;  nor  waa  it 
the  completed  work  of  the  hand  of  one  man,  it  waa  the  offspring  of  cen- 
turies, the  joint  iaaue  of  a  long  line  of  illustrious  saceidotal  kings.  In 
military  life  the  highest  qualities  shine  forSh.  If  the  talent  for  command 
and  the  capacity  of  a  stateaman  are  to  be  measured  by  the  grandeur  of  un- 
dertakings and  their  euccess,  it  still  remains  for  Europe  to  produce  a  sol- 
dier the  equal  of  Cfenghia  Khan^  and  a  king  like  Tamerlane.  These  great 
captains  held  almost  all  Asia  in  tJieir  iron  grasp.  The  opinions  we  com- 
monly hold  respecting  these  illustrious  men  have  come  to  ua  through 
perverted  charmek.  Such  prodtgioua  successes  a3  theirs  imply  the  high- 
eat  intellectual  powers.  Their  true  character  appears  when  we  compare 
them  with  their  European  contemporaries.  At  the  same  time  that 
Charles  Vll.  of  France  was  mystifying  his  people  with  the  imposture  of 
Joan  of  Arc,  and  Henry  VL  of  Engknd  was  engaged  in  the  burning  of 
necromancers  who  had  attempted  his  lile  by  melting  an  enchanted  wax 
image  before  the  tire,  Ulug  Beg,  the  grandson  of  Tamerlane,  was  de- 
termining with  precision  the  latitude  of  Samarcand,  his  capital,  with  a 
rnural  rjuadrant  of  IbO  feet  radius,  and  making  a  catalogue  of  the  stars 
from  hia  own  observations,  whiuh  more  than  200  years  subsequently  waa 
printed  at  the  University  of  Oxford, 

If  the  European  wisliea  to  know  how  much  he  owes  to  the  Asiatic,  he 
has  only  to  cast  a  glance  at  an  hour  of  his  daily  life.  The  Contributions 
clock  which  eumraons  him  from  his  bed  in  the  momlnff  was  ft*  ""''"^ 
the  invention  of  the  East,  as  were  also  clepsydras  and  sun-  civilisation, 
dials.  The  prayer  for  hia  daily  broad  which  he  has  said  from  his  in- 
fancy first  rose  from  the  side  of  a  Syrian  mountain.  The  linens  and 
cottons  with  which  he  clothes  himself,  though  they  may  be  very  f5ne,  are 
inferior  to  those  which  have  been  made  time  immemorial  in  the  looms  of 
India.  The  silk  was  stolen  by  some  missionaries,  for  his  benefit,  from 
CJiina.  He  could  buy  better  steel  than  that  with  which  he  shaves  him- 
self in  the  old  city  of  Damascus,  where  it  was  first  invented.  The  cof- 
fee he  expects  at  breakfast  was  Hrst  grown  by  the  Arabians,  and  the  na- 
tives of  Upper  India  prepared  the  sugar  with  which  he  sweetens  it.  A 
schoolboy  can  tell  the  meaning  of  the  Sanscrit  words  aacchara  canda. 
If  his  tastes  are  light,  and  he  prefers  tea,  the  virtues  of  tliat  excellent 
leaf  were  first  pointed  out  by  the  induatrious  Chinese.  They  also 
taught  him  how  to  make  and  use  the  cup  and  saucer  in  which  to  serve 
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it,  Hig  breakfast-tray  waa  lacquered  in  Japan.  There  is  a  tradition 
tliat  leavened  bread  was  first  made  of  the  waters  of  the  Ganges.  The 
egg  he  is  breaking  was  laid  by  a  fowl  whose  anceatorg  were  domesticated 
by  the  Malaccana,  unless  she  may  have  been,  though  that  will  not  alter 
the  case,  a  modem  Shanghai.  If  there  arc  preserves  and  fruits  on  hii? 
board,  let  him  remember  with  thankfulness  tliat  Persia  first  gave  liim 
the  cherry,  the  peach,  the  plum*  If  in  any  of  those  delicate  preparations 
he  detects  the  flavor  of  alcohol,  let  it  remind  him  that  that  substance  was 
first  distilled  by  the  Arabians,  who  have  set  him  the  praiseworthy  exam- 
ple, whicli  it  will  be  for  his  benefit  to  follow,  of  abstaining  from  its  use. 
When  he  talks  about  coffee  and  alcohol,  he  is  using  Arabic  words.  A 
thousand  years  before  it  had  occurred  to  iiira  to  enact  laws  of  restriction 
on  the  use  of  intoxicating  drinks,  the  Prophet  of  Mecca  had  accomplish- 
ed the  same  object,  and,  what  ig  more  to  the  purpose,  hag  compelled,  to 
this  day,  all  Asia  and  Africa  to  obey  it.  We  gratily  our  taste  for  per- 
sonal ornament  in  the  way  the  Orientals  have  taught  us,  with  pcarlg^,  ru- 
bies, sapphires,  diamonds.  Of  public  amusements  it  is  the  same:  the 
most  magnificent  fireworks  are  still  to  be  seen  in  India  and  China ;  and 
aa  regards  the  paatimes  of  private  life,  Europe  has  produced  no  invention 
Adaiic  contri-  ^'^ucli  can  rival  the  game  of  cheas.  We  have  no  hydrauliKj 
baiioQs  in  nrt.  constiuctions  as  great  as  the  Chinese  canal — no  fortifications 
na  extensive  as  the  Chinese  wall ;  we  have  no  artesian  wells  that  cau  at 
all  approach  in  depth  some  of  theirs ;  we  have  not  yet  resorted  to  the 
practice  of  obtaining  coal-gas  from  the  interior  of  the  earth:  they  have 
borings  for  that  purpose  more  than  3000  feet  deep. 

Similar  observations  may  be  made  if  we  examine  the  Asiatic  contribn- 
i  .  ,.  .  .  tiona  to  science.  While  the  learned  of  Europe  were  forbid- 
Untiou  in  eci-  diHg,  as  a  hcrcsy,  the  doctrine  of  the  globular  figui-c  of  the 
*°""  earth,  the  Caliph  Al  Mairaon  was  measuring  the  length  of  a 

degree  along  the  shore  of  the  Eed  Sea.  He  and  his  successors  repeat- 
edly determined  the  ohliq^uity  of  the  ecliptic.  A  Saracen  constructed  the 
first  table  of  sines,  another  explained  the  nature  of  twilight,  and  showed 
the  importance  of  allotringfor  atmospheric  refraction  in  astronomical  ob- 
servations. Algebra  itself  was  invented  and  brought  into  Europe  by  the 
Mohammedans,  who  gave  it  the  name  it  bears.  The  same  may  be  said 
of  cheraistrj'.  It  is  needless  to  pursue  these  statements, for  whoever  will 
take  the  trouble  to  look  into  the  history  of  any  branch  of  science  existing 
in  the  seventeenth  century  w^ill  find  how  deep  arc  its  obligations  to  Asia. 
I  shall  therefore  add  but  one  fact  more,  the  invention  of  the  figures  of 
arithmetic,  which  in  reality  gave  birth  to  that  science,  and  laid  knowl- 
edge and  commerce  equally  under  obligations.  From  its  simplicity, 
beauty,  and  nniversalitj-,  this  invention  alone  is  enough  to  command  the 
gratitude  of  the  human  race.     The  manner  of  using  the  cipher  and 
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placing  the  figurea  is  one  of  the  liappieat  suggestions  of  the  genius  of 
man. 

I  shall  not  set  in  contrast  with  these  statements  a  catalogue  of  the 
contributions  of  the  European.  We  know  our  own  doings  well  enough  ; 
but  auch  facts  as  the  preceding  may  serve  to  remind  us  that  the  Euro- 
\>eaji  is  no  more  justified  in  ignoring  the  obligations  he  is  under  io  the 
Asiatic  than  the  ^Vsiatic  i3  justified  in  regarding  him  as  a  barbarian. 
In  the  advance  of  our  common  humanity,  both  have  taken  and  still  aro 
taking  their  share.  The  Enropean  has  brought  to  the  new  continent  ha 
discovered  hia  religion,  his  laws,  his  literature,  his  science,  and  it  may  be 
a  profitable  aubjcct  of  reflection  to  him  that  undet  them  the  Indian  ia  dy- 
ing away.  The  Asiatic  haa  likewise  carried  the  Koran  into 
.\irica.  Our  prejudicea  and  education  ought  not  to  conceal  Mohaminedarv. 
from  U9  that  there  must  surely  be  eome  adaptedness,  even  '*"^ '"  '^"*' 
if  it  be  in  a  sensual  respect,  between  its  doctrines  and  the  ideas  of  many 
climates,  many  nations,  many  colors.  The  light  of  the  Arabian  crescent 
shines  on  all  countries  from  the  Gidf  of  Guinea  to  the  Chinese  walh  I]i 
those  pestilential  and  sun-burnt  forests  under  the  equinoctial  line,  cit- 
ies are  springing  up  with  their  ten,  their  twenty^  their  fifty  thousand  in- 
habitants. That  implies  subordination^  law,  civilisation.  It  may  be 
tiiat  this  is  not  a  course  of  events  which  would  have  been  chosen  by 
the  French  on  the  north,  with  their  military  colonics  ;  the  English  on  the 
south,  with  f  heir  commercial  establishments ;  the  Americans  ou  the  west, 
with  their  political  institutions ;  but  it  ia  the  course  of  Providence.  Let 
us  be  thankful  if  the  jVfrican  is  rescued  from  the  abyss  of  barbarism,  and 
brought  to  a  knowledge  of  our  higher  morality  and  holier  religion,  as 
brought  he  will  be  at  last,  even  though  it  be  by  the  hand  of  the  Prophet. 

Li  the  following  chapter  I  shall  have  some  remarks  to  make  respect- 
ing the  man^ner  in  which  the  civilization  of  Europe  was  ac-  p^^  ^^.^.^.^ 
complished,  and  shall  offer  reasons  for  supposing  that  its  es-  tivili/aiion  of 
sential  condition  was  a  physiological  cliangc  in  the  inhabit-  "" 
ants.  Without  troubling  the  reader  with  details,  I  may  here  incident- 
ally observe  that  the  spread  of  Moliaramedanism  in  Africa  is  altogether 
owing  to  its  having  been  introduced  in  the  right  direction.  It  appears  to 
me  hojwlcsB  to  attempt  the  amelioration  of  tliat  continent  from  its  west- 
era  shore.  Whatever  la  done  must  be  done  from  the  East.  In  power 
of  intellect,  and  in  a  disposition  to  appreciate  our  civiliaation,  the  iiihab- 
itants  of  the  countries  hordering  on  the  Red  Sea  are  not  to  be  compared 
with  those  on  the  Atlantic.  It  does  not  seem  well  to  bewi]!  witti  those 
who  are  the  least  prepared*  We  do  not  commonly  expect  success  from 
operations  conducted  at  an  eccentric  point.  The  Koran  haa  spread  be- 
cause it  has  availed  itself  of  the  gre.it  lines  of  trade,  which  reach  from 
tlie  Red  Sea  to  the  interior  of  the  continent ;  it  haa  spread,  not  because 
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of  it3  doctrinal  theology  or  theoretical  politics,  but  because  it  is  concern- 
ed in  the  atnendinent  of  the  social  condition  of  the  people.  Tiiat  is  pre- 
cisely the  principle  which  accomplished  the  civilization  of  Europe ;  and, 
with  regard  to  the  capacity  of  those  nations  to  receive  Chiistianity,  we 
may,  even  to  our  fihame,  recall  the  circumstance  that  the  Abyaainiana  arc 
yet  a  Christian  people,  still  retaining  the  ancient  faith  delivered  to  them 
in  the  aposlolic  ages,  when  our  forefatlicrs  wore  pagan  barbai'ians.  Sur- 
rounded by  the  most  depressing  and  antagonizing  influences,  they  have 
held  fast  to  their  faith  for  nearly  eighteen  centuries.  The  hoary  Abys- 
ainiaa  Church  carries  us  back  beyond  the  Council  of  Chalcedon  and  the 
difiputes  of  the  Eutychiana ;  ita  literature  is  full  of  the  questions  which 
exercised  the  faithful  in  the  primitive  times  of  the  brethren  at  Jcnisalem 
— circumcision,  things  strangled,  meats  prohibited  by  ihc  law  of  Moses  ; 
and  yet,  to  the  discredit  of  the  European  and  American,  it  nmst  be  said 
that  this  Church,  full  of  incidents  of  the  most  sijiguSar  and  touching  in- 
terest, has  scarcely  had  {with  one  exception)  any  sympathy  extended  to 
it  by  other  Christian  people. 

From  these  considerations  of  the  effects  of  Asiatic  civilization  upon 
Sprend:  of  Africa,  wc  may  proiilably  turn  to  a  brief  statement  of  that  of 
tiiVtwo  £er"  Europe  upon  the  red  races  of  America.  This  result  in  the 
ieas.  two  continents,  north  and  south,  is,  that  in  the  latter,  cut  of 

almost  1,700,000  aborigines,  nearly  l,G0O,O00  have  embraced  Christian- 
ity, less  than  100,000  remaining  in  the  savage  stale.  No  such  favorabh- 
iuiipressiDU  has  been  made  upon  the  aboiigiiies  of  the  northern  continent, 
who,  as  is  ■well  luiown,  are  steadily  diminishing  in  numbers,  and  many 
tribes  that  were  once  numerous  have  disappeared.  This  has  taken  place 
notwithstanding  the  care  which  lias  been  manifested  by  the  government 
of  the  United  Stales  for  all  those  who  are  witltin  its  territories.  It  docs 
not  appear  that  the  concluaio]i  which  has  been  drawn  by  some  eminenl 
authors  in  view  of  these  facts  can  be  maintained,  that  **  this  considera- 
tiouy  if  we  can  separate  it  from  the  events  of  the  Spanish  conquest,  for 
whicli  it  is  to  be  hoped  that  the  soldiers,  and  not  the  ministers  of  relig- 
ion, are  responsiblet  must  be  allowed  to  reflect  honor  on  the  Roman  Cath- 
olic Churchy  and  cast  a  deep  shade  on  the  history  of  Pmtestantism." 

That  this  conclusion  is  incorrect  is  shown  at  once  by  the  very  tables 
that  are  relied  on  for  its  support.  Qut  of  the  100,000  aborigines  of 
South  America  who  remain  heathen,  more  than  6ti,000,  that  is  to  &ay, 
two  thirds,  belong  to  the  iVraucanian  and  Palagonian  brandies,  who  arp 
the  counterparts  for  that  continent  of  tlie  Indians  of  the  United  States 
and  British  American  teiritories  in  this.  Upon  these  it  may  be  truly 
said  that  no  impression  whatever  lias  been  made.  Of  the  Fatagonian 
bTanch,  estimated  at  more  than  32,000,  only  100  individuals  are  stated 
to  have  embraced  Christianity,  and  of  the  Araucanian  branch,  consisting 
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ot'34,000,  not  one.  It  is  by  bringing  into  tbese  discnssiona  the  singu- 
lar and  widcHprofid  error  timt  all  the  uborigLnaL  American  tnbcs  arc 
alike,  and  by  not  making  due  allowance  for  their  habits  of  life,  their 
physical  and  mental  endowments,  that  this  mistake  has  arisen ;  but 
whoever  will  consider  the  facta  aa  they  actually  stand  must  come  to  the 
conclusion  that  there  are  just  as  well-marked  diifcrcncea  among  these 
people  as  there  are  in  tlie  cliinateB  and  circumstances  in  which  they  live- 
Intellectually,  there  is  even  a  greater  ditference  between  the  Indian  of 
the  United  States  and  the  Indian  of  Peru  than  there  is  in  their  physical 
aspect.  The  one  is  an  intractable  savage,  the  other  docile  and  easily 
led ;  the  one  has  never  yet  been  enslaved,  the  other  prospers  and  in- 
creases in  number,  though  he  lias  sustained  all  the  consequences  of  the 
atrocities  of  tlie  t^paniali  Conqueat.  By  clumce,  Or  periiaps,  as  we  ahould 
more  truly  say,,  through  Providence,  th(*  field  of  CathoHc  labor  has  been 
among  the  more  docile  races,  that  of  Protestant  among  the  more  untam- 
able, and  the  result  is  exactly  Buch  as,  under  those  circumstances,  the 
philosopher  would  be  led  to  expect. 

I  can  not  here  avoid  recalling  to  the  atfcntion  of  the  reader  what  I  have 
said  respecting  the  comparative  progress  of  Christianity  and  Moliammed- 
anism  in  Africa,  for  we  tind  upon  our  own  continent  a  rcpetllion  of  the 
facta  which  were  presented  to  us  there.  The  chances,  if  such  a  term  can, 
on  this  occasion,  with  propriety  be  used,  of  the  difl'usion  of  Christian  civ- 
ilization, are  directly  proportional  to  the  existing  intellectual  development 
of  t!ic  community  among  whom  the  attempt  ia  made.  Mohammedanism 
has  diffused  itself  in  Alrica  for  precisely  the  same  reason  that  Catholi- 
cism has  succeeded  in  America — because  its  operation  was  commenced 
upon  those  tribes  best  prepared  to  receive  it. 

We  can  not  have  a  more  alrildtig  instance  of  the  effect  of  climate  on 
civilization  tlian  that  which  ia  offered  by  tlie  American  In-  niuaimiioa  of 
diana.  As  ia  well  known,  though  throughout  all  those  lati-  'f^niM^^''o„*'civ- 
ludes  in  wliieh  life  ia  maintained  with  difiiciiilty,  by  reason  UiMiiuu. 
of  their  inclemency,  all  the  tribes,  both  of  the  north  and  south  contineni, 
were  in  a  barbarous  state,  yet  in  thofsc  more  pleasant  countries  toward 
the  equator^  in  which,  by  reason  of  llie  natural  fertility  of  the  soil  and  a 
higher  mean  temperature,  the  inhabitants  had  little  occasion  to  work,  and 
passed  their  lives  in  comparative  plenty  and  ease,  a  special  civilization 
had  arisen.  It  ia  of  no  little  interest  to  observe  how  the  main  features 
of  Asiatic  and  European  civilization  were  presented  in  this  case,  doubt- 
less without  any  commuiiieation  with  those  continents,  for  it  shows  how 
the  human  mind  is  ever  prone  to  unfold  itself  in  the  same  way»  to  give 
birth  to  the  same  ideas  and  to  the  same  inventions.     The  „.  ...    ,. 

Civilisation  of 

civilized  Americans  of  Mexico  and  Peru,  were  organized  in  iha  impirau  ln^ 
communities  not  tuJike  those  with  which  the  white  man  is  ^"^"''' 
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elsewhere  familiar,  living  in  cities  wliich  were  regulated  by  mnnicipal 
laws  familiar  enough  to  U3,  iaaiiitaimi:ig  among  tlieir  social  institutionst 
fixed  ideas  respecting  property  and  family  rights,  having  a  national  relig- 
ion, an  establialied  pnesthgod,  and  the  means  of  recording:  events,  which, 
though  imperfect,  were  not  unlike  those  ivhich  obtained  in  the  earlier  pe- 
liods  of  our  own  civilization.  If  they  had  not  a  knowledge  of  iron  and 
the  plow,  they  had  already  fallen  upon  the  early  Asiatic  plan  of  subjn- 
gating  and  domesticating  such  animals  as  were  Buitable  for  their  pur- 
poses. Civilisation  arose  among  theae  people  in  simikr  localities  ajid 
ander  similar  circumstances  of  life  aa  it  had  arisen  among  oar  aneestoiB 
in  the  Old  World,  and,  such  is  the  sameness  of  constitution  of  the  human 
inind,  waa  advancing  in  exactly  the  same  way. 

Altboughj  for  a  time,  among  the  degenerate  descendants  of  the  Span- 
Gradual  «:-  iarda,  the  South  American  Indian  may  maintain  himself,  but 
Unction  of  the  jittle  doubt  caii  bc  entertained  that  tlie  same  destiny  awaits 
temperate  him  which  lias  befallen  his  North  American  brother.  He 
""*'  can  not  withstand  that   enterprise  and  activity  which  are 

leading  to  the  e^ctenaion  of  the  white  invaders  of  hie  native  soil.  Even 
though  the  age  of  cruelty  to  these  unfortunates  has  passed  away,  never 
more  to  return,  and  enlightened  governments,  animated  by  sentiments 
into  which  no  mercenary  consideration  enters,  interest  themsel'ffes  in  their 
welfare,  it  is  not  to  be  supposed  that  nations  depending  on  such  an  arti- 
ficial support  can  long  continue  to  exist.  In  this  inevitable  decline,  the 
tropical  races  may  far  more  worthily  excite  our  commiseration  than  those 
of  the  higher  latitudes ;  nor  is  their  departure  unavenged :  they  leave 
behind  them  two  cnrses,  tobacco  and  syphilis. 

In  conclusion  of  this  partial  examination  of  the  progress  of  the  human 
Manner  of  family  under  varied  circumstances,  we  may  remark  a  repeti- 
nitfoEs^in  civ-  *'°''^  ^^  ^  ^'^^  aericB  of  changes  to  those  which  have  been 
iliMtioQ.  traced  in  the  psychical  career  of  the  individual,  and  this, 

whether  we  consider  the  progreas  in  theology^  policy,  philosophy,  or  any 
other  respect.  It  is  a  continued  passage  irom  the  general  to  the  special 
—from  the  homogeneous  to  the  heterogeneous.  The  history  of  any  of 
the  ancient  nations  might  bc  brought  forward  as  an  example.  Emerging 
from  the  barbarous  state,  they  shake  off  their  Fetichism,  that  union  of 
the  supernatural  with  the  natural,  which  gives  to  every  wood,  every  tree, 
every  river,  its  presiding  genius ;  to  families,  their  Penates ;  to  the  city, 
iind  even  to  the  road,  their  Lares ;  to  stars,  and  to  atones,  and  to  med- 
icines, their  spirits ;  to  the  night,  its  apparitions  and  fairies.  It  is  in 
vain  that  we  say  these  are  the  subjects  of  African  credulity.  They  are 
found  in  the  origin  of  all  people.  Our  forefathers  once  cherished  the  il- 
lusions which  still  occupy  tiie  negro  mind.  The  rime  came  when  intel- 
lectual development  outgrew  such  base  superatitions,  and  for  a  crowd  of 
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imf^nary  inanities  were  suhatituted  the  <!liosen  forma  of  Polytheism.  It 
is  true  tliat,  among  Egyptians,  Hindoos,  or  Greeks,  there  were  deities 
enough,  bat  the  process  of  epecialization  may  be  nevertheless  plainly  dia- 
cenicd.  The  Fetich  stage,  the  Polythciatic  etage^  are  necessarily  in- 
cluded in  the  onward  progress  to  a  pure  metaphysical  Monotheistic  con- 
ception. In  this  it  is  to  be  remarked  that  the  Asiatic  races  Their  religious 
of  men  have  led  the  way,  both  in  the  priority  and  strictness  pcrsujiiions. 
of  their  views.  The  great  statesmen  of  China,  of  India,  of  Arabia,  and 
of  Judea,  centuries  ago,  seized  upon  this  as  the  pivot  of  their  intellectu- 
al and  even  political  systems.  To  the  last  country,  Europe  itself^  as 
liiatory  proves,  is  indebted  for  this  noble  idea. 

European  Monotheism  ia  not  indigenous,  but  imported  from  the  He- 
brews, an  Asiatic  race.  The  intellectual  condition  of  the  nations  among 
whom  it  was  introduced  was  but  Ultle  advanced,  and  hence  among  some 
it  came  to  be  degraded — mixed  up  with  the  remains  of  [Kipular  and  an- 
tJiropomorphic  conceptions,  which  otherwise  were  gradually  dying  out. 
For  a  length  of  time  the  pagan  creeds  maintained  a  conflict  with  it,  and 
with  difficulty  it  disentangled  itself  from  the  base  features  wliich  they 
endeavored  to  impress  upon  it,  as  with  the  ILcbrews  themselves  of  old, 
the  people  seemed  to  be  reluctant  to  suiTcndcr  altogether  their  Polythe- 
istic ideas. 

Theae  remarks  arc  to  be  understood  as  not  applying  to  individuals, 
for  in  every  age  and  nation  grpat  men  have  arisen,  whose  views  on  these 
and  other  subjects  of  hke  vital  importance  were  far  in  advance  of  their 
times.  In  their  best  days,  both  in  Greece  and  Rome,  there  were  men 
who  had  attained  to  the  standard  here  alluded  to,  bnt  their  teaching  was 
without  effect  on  the  popular  mass.  There  was  a  want  of  equivalency 
between  the  individual  attainment  and  the  race  attainment.  Though 
individuals  may  be  progressive,  races  are  essentially  conservative ;  and 
hence  there  will  constantly  ariae  against  individual  attempts  at  an  ad- 
vance discountenance  and  resistance,  an  opposition  which  in  too  many 
instances  becomes  a  tyranny.  Masses  of  men  are  not  like  inorganic  mass- 
es, which  resist  a  change  by  their  inertia  alone.  The  biography  of  ev- 
ery great  reformer  shows  that  the  popular  mind  resents  any  disturbance 
of  its  repose.  Resistance  has  to  be  overcome  in  the  moving  of  things, 
resentment  is  added  in  the  moving  of  men. 

Xf>  the  philanthropist  it  la  a  most  dcltghtful  spectacle  that  the  various 
nations,  in  spite  of  the  ditference  of  their  interests,  their  Exiaienceora 
creeds,  and  their  politics,  can  yet  present  certain  great  prin-  rniTiv^wjiT^^*- 
ciples  which  they  recognize  in  common,  and  this  ia  becom-  <;ordantcreBdB. 
jng  more  and  more  marked  with  the  onward  advance  of  the  world.  In 
the  course  of  events,  the  special  is  ever  coming  out  of  the  general^  and 
the  great  principles  of  a  common  morality  are  gradually  disentangling  and 
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unfolding  themselves  from  contradictory  forms  of  faith.  The  Chinese, 
the  Hindoo,  or  the  Tuik,  tliough  thcj  iiiaj^  not  coincide  with  the  iVmer- 
ican  or  European  as  to  what  is  ta  he  looked,  upon  as  true,  will  yet  agre* 
as  to  what  is  just.  The  sentiment  of  honor,  the  ideas  of  peraonal  integ- 
rity, arc  fast  becoming  universal. 

Yet  even  in  iheae  later  ageH,there  is  in  thtB  re&pcct  nothing  new.  The 
tendency  of  the  human  mind,  whether  individual  or  collective,  to  the  same 
direction  ia  continually  manifest — a  prenmrked  and  predestined  course 
in  which  it  must  go.  Our  most  refined  notions  of  rectitude  contain  noth- 
ing more  than  is  to  "be  found  in  the  little  epitome  of  the  ancient  lawgiv- 
er; for  if  we  strike  from  the  ten  comuiaudments  whatever  is  explanatorj' 
or  threatening,  retaining  the  mandatory  parts  alone,  there  remains  what 
commends  itself  to  the  uiideratanding  of  the  intelligent  men  even  of  the 
most  diverse  nations — the  acknowledgment  of  the  unity  of  God,  the  ven- 
eration due  to  him,  the  expediency  of  a  day  of  rest  for  the  laborer,  the 
duty  of  filial  aflection,  the  enormity  of  murder,  the  sin  of  adultery,  the 
crime  of  stealing,  the  shame  of  lying,  and  a  strict  regard  for  the  property 
of  another :  these  are  things  whtch  exuct  for  themgelTes  a  spontaneous 
and  universal  assent. 


CHAPTER  VITI. 

SOCIAL  MECHANICS. 
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Naliure  of  Mim. — Influence  of  foirfouiidin'j  Cirnii'isliincts  oil  him. — Dr^mltJtess  of  hix  Girftr. 
Genkhal  Fal-ts  i>f  E(;riipkan  Histokv. — /ntroduHifm  nf  /■^ji/jifinn  C'nlisulion  into  fJnrtipt,-^ 

Tftf  Re^isir\j  qfFiTflK  by  Wfit'my. — Eyi/fitiaa  Philosophy  in  (he  (Sretfc  JSchoola. —  The  PtrnOH 

Eiiipite.  ill  /iijiufncf. — Anait/tica/  tiitalil^  of  tin.  European  Mmd. — Inftueaot  t^  tKe  Gmt 

Sf'^ofiis  on  modrra  PhihwufiUij. 
Origin  ftf  EKr<'iii\tR  Coinrntfiv.,  —  Disrortr^of  the  Straits  of  Gi&raUar. — Mactikfiian  Campaigt: 

— Jieivnatrwiion  nf  Moanreh^  in  Ki^ypl. 
TTu  Itiinutn  Eiiipifti  it*  ceniraii=inff  and  civi/iiing  Paw«r. — FttU  of  European  Pugetmsm. — Iit- 

Jivaiee  of  lite  Christian  i^hurch. —  The  Suhbath  Z)o^, —  Th^  HffvTiswtiiyt. 
/n/fi«H«  af  Atoluimmeditii'nita  on  EurofV. —  Tht  Amb  ph^Ftcal  Scienot. —  Tlit  Cnaada. — Du- 

cover^  of  Amerira  hy  the  Spaiiiardn. — palt  af  the  SjKSmfh  I'lui'tf, 
iMler  Mfittal  C^anffeg  in  Euro/te. — iJimpp^iranct  cf  CrnJvlity. —  Phi/molixjioal  OiQape  of  Em- 

rfy>ettBS. — Effect  oj"  Mfihamrnvdatiiian  in  ckanipnrf  fhe  V^ilrf  of  lutr.UtCl  of  Europe. — Amt^- 

vciti  Tetuknqf  of  the  Knfopcan  Mind. — Advanta^ei  fesubintj  cherr/'roin. 

HA^^NG  described  man  as  an  individual,  we  have  next  to  consider  him 
n  ,  ,  in  his  social  relations:  for  so  closely  are  his  actions  conneet- 
nociMi  career  oti  ed  with  his  organization,  that  it  may  be  said  tliat  universal 
I    Qun.         history  is  only  a  chapter  of  physiology*.    It  is  acknowledged, 
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even  by  tliosc  who  have  given  but  a  puperficial  altent[on  to  tho  subject, 
that  there  is  a  connection  between  corporeal  development  and  Iii&toricaJ 
career;  tliat  those  races  who  have  led  the  way  in  the  conrge  of  civiliza- 
tiorit  and  those  who  still  remain  in  the  savage  state,  arc  characterised  by 
Btriking  anatomical  peculiarities,  particularly  in  tlie  eize  and  development 
of  their  cerebral  hemispheres.  Such  general  conduBJons  are  strengthened 
by  our  observations  on  the  animal  series,  tlio  lower  membera  of  which 
offer  together  a  saraenesiJ  of  structure  and  an  identity  in  their  course  of 
life.  In  those  the  metamorphoses  of  which  have  been  stud-  c(«.t,i,,™  ^„a 
led,  it  is  always  noticed  that  every  ehiinge  of  structure  ia  at  iiaiic  in  iho 
oiicofullowedbyachangeof  habit,yct,  duringthccontinuance  ^'^^ '^  ""**^  ■ 
of  a  given  condition,  their  manner  of  life  in  without  any  variation.  The 
actions  of  one  insect  arc  for  the  most  part  the  actions  of  another  of  tho 
Bamc  kind  and  in  tlie  same  state,  whether  larva,  pupa,  or  imago.  But 
in  the  midst  of  all  this  automatism  there  are,  however,  the  glimmerings 
of  a  free  will.  Tlie  animal  world  presents  forcible  illustrations  on  everj- 
hatid  on  tlie  connection  of  structure  and  habit. 

Philosophical  views  of  iiuman  sociology  arc  only  to  be  attained  by 
treating  tliat  great  problem  in  the  same  manner  that  we  have  comparativfr 
learned  to  treat  so  many  others  in  physiology.  We  must  in-  "^'"'ogy. 
elude  in  our  discussion  all  other  animal  races,  and  not  clos.e  our  eyes  to 
the  fact  that  there  la  such  a  thing  as  comparative  sociology.  We  ob- 
serve the  republican  propensities  of  the  ant,  the  monarchical  life  of  bees, 
the  solitary  habit  of  other  tribes.  Is  it  not,  at  least  in  part,  because  of 
cerebral  peculiarities  that  one  kind  of  bird  ia  polygamousj  and  another 
observes  an  annual  or  perpetual  nionogaray ;  that  the  buftalo  delights  ii] 
the  society  of  his  kind^  but  the  lion  will  tolerate  no  neighbor;  that  the 
horse  runs  in  herds,  and  adopts  an  organized  system,  submitting  to  a  ca[i- 
tain  whose  motions  he  follows  ?  We  can  not  fluppoae  that  these  habita 
are  the  sole  result  of  a  present  and  immediately  active  external  intluence 
which  calls  them  forth  ;  an  internal  influence  is  also  at  work,  an  internal 
influence  dependent  on  organisation. 

A  discussion  of  the  problem  of  imman  sociology  could^  therefore,^  only 
be  completed  after  a  study  of  the  same  problem  in  the  entire  animal  sc- 
ries-—  a  task  requiring  varied  and  profound  knowledge  of  natural  hif>- 
tory  and  comparative  anatomy.  IndeccI,  the  present  state  of  these  sci- 
ences docs  not  enable  us  to  accomplish  it.  The  remarks  I  am  about  to 
make  are,  therefore,  of  a  very  imperfect  kind.  The  social  problems  pre- 
sented to  us  by  animals  are  a  fitting  introduction  to  the  social  problems 
of  man. 

For  the  clearer  understanding  of  what  follows,  it  may  p.  .     .    . 
therefore  be  observed  that  we  may  receive  tlic  term  instinct  tween  insiina 
oeindicatinga  faculty  incapable  of  improvement,  and  possess-  "   *«^cn. 
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cd  by  each  individual  exhibitmg  it  spontaneously,  without  csiierience 
or  imitation.  The  suggestions  of  instinct  are  often  instantaneoua  and 
always  unvarying ;  those  of  reason  involve  deliberation,  and  into  tliem 
tlie  element  of  time  enters.  They  also  involve  error.  Animals  which, 
for  a  thousand  yeara^  nay,  indeed,  through  all  time,  have  never  invented, 
never  improved,  npver  varied,  all  of  the  same  kind  bettig  equally  skill- 
fiU,  are  to  be  considered  as  actuated  by  instinct,  not  by  reason.  Those 
of  which  it  may  be  said  that  they  perceive,  rcmembern  tbink,  compare, 
and  then  fonn  a  judgment,  are  to  be  considered  as  posscjsaing  reason,  and 
this  the  more  as  they  the  more  perj'ectly  accomplish  that  end.  In  thin 
respect,  man  is  approached  by  the  tjuadrumana,  the  elephant,  the  dog, 
but  the  immense  interval  which  separates  him  from  them  is  at  OHce  in- 
dicated by  the  fact  that  they  appreciate  only  good  and  evil,  so  far  as  in- 
volved in  pleasure  and  pain ;  but  lie  contemplates  equally  the  good,  the 
beautiful,  and  the  true. 

The  historian  may  j>erhap9  view  with  resentment  an  attempt  on  tlie 
Connertion  ot  1^^^  ^^  physiologists  fo  accomplish  the  annexation  of  the  ter- 
liJstory  and  ritory  in  which  he  labors-  With  difficulty  will  he  be  brought 
''  ■i'^''"'£^'  to  admit  the  dogma  that  the  history  of  men  and  of  nations 
is  only  a  chapter  of  physiology.  He  doubtless  will  smile  at  the  absurd- 
ities of  a  doctrine  which  places  under  a  common  point  of  view  the  doin^ 
of  caterpillars,  ants,  and  wasps,  with  the  high  resolves  of  senates  and 
emperors — -which  nndcrlakea  to  consider  hoWj  out  of  the  most  obscure, 
the  most  august  may  proceed. 

But  it  is  none  the  less  true  that  there  exists  a  comparative  sociology, 
,^3  well  as  a  comparative  anatomy  and  a  comparative  physiology-  Struc- 
ture, function,  and  career  ate  all  inseparably  connected. 

When  we  were  considering,  in  a  former  chapter,  the.  nervous  mechan- 
ism of  insects,  we  saw  how  that,  fi'om  the  purely  automatic,  the  volun- 
tary is  gradually  produced  by  the  development  on  the  ventral  cord  of  an 
apparatus  for  the  registry  of  impressions,  the  cephalic  ganglia.  These 
registered  impressions  are  the  cause  of  the  niost  surprising  psychical  re- 
sults. 

The  action  of  barbarian  cominudties  is  as  purely  automatic  as  the  ac- 
naThnrisraand  *'on  of  an  insect,  whicl;  nevea-  had,  or  ftom  which  there  have 
civiJiMtian.  b(ier^  removed,  the  registering  ganglia.  Irritate  the  decap- 
itated wasp,  it  will  sting.  The  uninjured  wasp  has  a  phoice  of  action; 
it  may  possibly  fly  away*  The  action  of  civilized  communities  is  of  a 
I'ar  higher  kind :  they  are  guided  in  what  they  do  by  experience  In  the 
progress  of  civilization  there  have  arisen  the  means  of  pennanenlly  re- 
cording past  events.  Such  records  influence  us  in  deciding  how  we  sliall 
act.     They  constitute  knowledge. 

If  \vc  may  compare  small  things  with  great,  is  there  not  an  analogy 
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between  the  manner  in  which  the  tegistering  mecha-nisin  of  Analogy  be- 
an insect  or  other  animal  is  evolved,  and  the  manner  in  '^'"■'*^"  irniivifl- 
wLichtlie  means  of  perpetuating  and  dieseminating  a  knowU  ^"ntnn*[Bocitii 
edge  of  events  Iiaa  arisen  in  hnman  society?  The  one,  it  is  '^'"^'■' 
true,  appertains  to  individual  life;  but  is  there  any  fact  more  clearly 
made  manifest  by  physiology  than  that  of  the  parallelism  of  race  life  and 
individual  life,  no  matter  how  lowly  that  individual  life  may  be? 

An  insect  presents  v.s  with  surprising  actions,  because  it  possesses 
witJiin  itself  the  means  of  registering  the  events  which  occur  in  its  little 
circle.  Nations  act  wisely  and  well,  according  as  they  arc  guided  by 
their  store  of  experience. 

If  our  pride  can  be  so  far  overcome  as  to  admit  that  in  the  history  of 
the  life,  even  of  an  insect,  the  progress  of  mankind  is  shadowed  forth, 
that  is  to  say,  nnivereal  liistory  is  seen  in  a  microscopic  manner,  it  will 
not  be  too  much  to  hope  that  we  shall  tlien  entertain  physical  or  mechan- 
ical ideas  of  the  social  career,  that  society  advances  in  a  definite  way,  has 
ita  laws  of  equilibrium  and  movement,  its  centre  of  intelligence,  its  centre 
of  power,  in  short  its  statics  and  dynamics. 

Though  it  is  only  one  out  of  many  inBtancoa  that  might  be  presented, 
let  us  briefly  consider  social  life  in  the  inferior  tribe  to  which  reference 
has  been  made ;  let  us  also  look  at  some  of  the  individual  peculiarities 
of  insects.  Oiir  sentiments  of  exclusiveness  and  pride  may  be  corrected 
thereby. 

Insects  form  societies  for  mutual  assistance,  defense,  invasion,  emigra- 
tion, mere  pleasure — societies  which  undoubtedly  arise  in  ^ 

,  f,  .  If  j^f  Insect  Boeiety. 

the  experience  of  passions,  such  as  love  and  icjir.     Of  these  m 

the  duration  is  variable ;  some  last  through  the  larva  state  only,  some  arc 
confined  to  the  imago,  some  are  maintained  through  life.  Tiie  organiza- 
tion by  which  their  object  ia  accomplished  is  varioua,  monarchical,  re- 
publican. The  caterpillars  of  the  processiouary  moths  are  guided  in 
their  march  by  a  leader  ;  the  termites  obey  at  once  a  king  and  a  queen. 
The  lust  of  power  ia  not  alone  felt  among  human  monareha ;  the  queen 
bee  never  rests  till  she  haa  assassinated  her  rival.  All  insects  of  the 
same  kind  are  not  bom  equal,  nor  do  all  pursue  the  same  occupation ; 
some  follow  a  life  of  leisure,  some  devote  themselves  to  the  profession  of 
arms,  some  arc  laborers.  When  the  metropolis  of  the  termites  ia  attach- 
ed, ihe  laborers,  as  non-combatants,  retire,  but  the  soldiers  come  out. 
The  ants,  with  which  we  arc  more  familiar,  engage  in  military  and  filli- 
bustering  expeditions ;  they  make  reconnoi stances,  set  sentinels,  match  in 
a  definite  order,  the  Van  alternately  falling  to  the  rear;  their  lines  of  com- 
munication are  maintained,  and,  if  necessary,  swift  couriers  are  dispatch- 
ed for  re-cnforcements.  If  successful,  they  not  only  carry  off  the  ene- 
mies* stores,  bat  reduce  the  vanquished  to  actual  servitude,  compelling 
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them  to  work  as  slaves.  They  have  notions  of  property,  and,  tfiough 
aome  of  them  practice  cannibalisni,  they  will  amuse  themselves  in  moTB 
pleasant  occupations,  tumbling  and  playing  together  like  kittens  or  pup- 
Hftbtuof  pi^es.  With  a  sentiment  of  strict  justice,  the  wasp  who  has  re- 
IniBcts,  turned  from  a  succeasful  foray  divides  his  booty  among  the 
males,  females,  and  the  laljorcra  who  have  been  working  in  the  vespiary; 
nor  is  the  sentinel,  who  is  doing  duty  at  the  door,  forgotten.  If,  through 
the  chances  of  war  or  by  accident,  any  one  has  sustained  a  grave  injury, 
in  some  tribes  the  most  devoted  sympathy  is  shown :  the  ant  will  cany 
his  wounded  friend  out  of  the  hot  of  the  fight ;  in  other  tribes  a  more 
than  Roman  fiiTnnesa  is  displayed :  the  aufFerer  is  put  out  of  pain  by  hia 
companion.  Expecting  an  attack,  some  insects  will  shut  their  doors  at 
night,  and  barricade  them  witliin,  or,  if  the  danger  is  continual,  will  build 
masked  gateways  in  succession,  with  interior  walla  that  command  them. 
They  arc  no  contemptible  engineers.  Tlicy  can  construct  and  maintain 
roads  of  great  length,  with  patlss  branching  from  them,  which,  if  neces- 
sary, they  keep  mown.  They  cross  streams  by  throwing  thcm&clves 
into  floathig  brtdgcs,  and  the  darnagc  done  to  their  premises  by  an  in- 
vader they  show  the  most  singular  skill  and  alacrity  in  repairing.  How 
many  are  the  contrivances  to  which  insects  resort  to  carry  out  their  pur- 
poses !  The  caterpillar  of  the  cabbage  butterfly  makes  a  ladder  and  goes 
up  it ;  tlie  geometrical  caterpillar  lets  down  a  rope,  and,  for  fear  of  hurt- 
i]ig  himself,  drops  a  foot  at  a  time.  The  gossamer  spider  sends  forth  a 
thread  fine  enough  to  act  like  a  balloon,  and,  floating  in  the  air,  he  de- 
scends or  rises  by  winding  it  up  or  letting  it  out.  There  are  other  in- 
secta  which  make  diving-bells,  and  go  under  the  water.  No  bird  makes 
a  nett  no  beast  a  pitfall :  men  and  insects  do  both,  A  gang  of  sailors 
will  carry  a  spar  by  supporting  it  on  alternate  sides  on  their  shoulders ; 
a  gang  of  ants  will,  in  like  manner,  carrj^  a  straw  or  a  long  wonu.  There 
are  spiders  which  show  as  much  dexterity  aa  an  Indian  in  sneaking  for- 
ward to  get  in  reach  of  their  prey. 

In  their  domestic  economy,  how  wonderful  I  Some  build  their  houBea 
nf  artificial  stone,  some  of  pasteboard  which  they  make.  Some  cover 
their  rooms  with  tapestry  some  lay  carpets  of  silk  on  the  floor,  some 
liang  their  doors  on  silk  Iiingcs,  so  that  tliey  shut  by  their  own  weight. 
They  make  arches,  domes,  colonnades,  stair-caaea*  They  practice  con- 
cealment of  food.  liay,  an  accurate  obser\'er  and  a  verj-  pioua  man,  says 
of  a  sand-wasp  that  it  carried  a  caterpillar  fifteen  feet,  removed  a  pellet 
that  closed  the  moutli  of  a  hole,  deposited  its  booty  therein,  came  oat, 
and  rolled  the  pellet  back  on  the  hole,  scratched  dust  thereon  like  a  dog, 
went  for  rosin  to  agglutinate  it,  leveled  the  ground,  and  put  two  pine 
leaves  to  mark  the  place.  However  much  we  may  smile  at  this  aneo- 
dote,  it  may  satisfy  us  of  the  high  opinion  entertained  of  the  occom- 
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plishmentfl  of  insects  by  thosa  who  have  been  closo  observers  of  their 
habits. 

Dr.  Lajcock  remarks^  when  spcafcing  of  the  cephalic  ganglia  of  insects 
(Mod.  Chir.  Hev.,  July,  1H53):  "On  what  structures  dc-  lusiincti  ofin- 
pend,  if  not  on  these  cephalic  ganglia,  all  those  wonderful  [^^.l^tilBik" 
Instincta  which  mimic  in  tlieir  ojieration  the  arts  of  man?  guntrHo. 
There  ia  hardly  a  niechamcal  pursuit  in  which  insects  do  not  excel.  They 
are  excellent  weavers,  hoiiscf builders,  architects.  They  make  diving- 
bells,  bore  galleries,  raise  vaults,  cotietruct  bridges.  They  line  theiv 
houses  with  tapestry,  clean  them,  ventilate  them,  and  close  them  with 
admirably-fitted  awiiig-doors.  Tliey  build  and  store  warehouses^  con- 
struct traps  in  the  greatest  variety,  hunt  skillfully,  rob,  and  plunder. 
They  poison,  sabre,  and  stab  their  enenncs.  They  ]iave  social  laws,  a 
common  language,  divisions  of  labor,  and  gradations  of  rank.  They 
maintain  annies,  go  to  war,  send  out  scouts,  appoint  sentinels,  cany  off 
prisoners}  keep  slaves,  and  tend  domestic  aninialfl.  In  short,  they  are 
mentally  a  miniature  copy  of  man." 

The  surprising  character  of  some  of  these  facts  might  disappear  were 
we  acquainted  with  what  may  be  termed  the  spring  of  the  action.  It 
has  been  f^aid  by  Dr.  Whateley  that  the  building  of  a  conib  is  like  the 
provisioning  of  a  city,  in  which,  through  the  desire  of  the  dealers  to  get 
wealth,  is  solved  what  is  probably  the  moat  intricate  of  social  problems. 
It  is  done  by  no  design  of  theirs,  and  yet  they  advance  to  it  as  if  im- 
pelled by  gravitation  or  some  other  insuperable  force.  A  printer  may 
put  types  together  to  get  money  without  over  troubling  himself  about 
the  diftusion  of  knowledge.  A  bee  miiy  find  gratification  in  what  he  is 
doing  without  any  concern  about  the  final  use  of  the  comb. 
Of  the  cephalic  ganglia  spoken  of  in  the  preceding  paragraphs,  J^g. 
Fvj.wb.  295  is  an  illustration  from  Mr.  Newport,  in  the  case  of 

the  imago  of  the  Sphinx  ligustri:  a,  cephalic  ganglia;  b, 
b,  eyes  ;  ^,  anterior  median  ganglia ;  dy  d^  iwsterior  lat- 
eral ganglia  of  the  stomato-gastric  system;  Nervous  g.yai«n 
I'yf,  large  ganglionic  masses  in  the  thorax*  ofi^Mcia. 
giving  nerves  to  tJie  legs  and  wings.     It  ia        I'i'.i.  wa 
to  be  understood  that  upon  these  ganglia 
the  voluntary  action  of  insects   depends. 
They  are  the  places  of  reception  of  the  im- 
pressions on  the  organs  of  special  sense  and 
the  seat  of  memory.     The  automatic  or  in- 
voluntary apparatus  is  in  part  seen  at  Fig.  296,  which  is  the 
thoracic  portioTi  of  the  nervous  system  of  the  pupa  of  the  same 
insect :  n,  ft,  tr,  three  ganglia  of  the  ventral  cord  ;  d,  d-,  their  _ 
connectmg  trunks;   e,  e,  respiratory  ganglia.      The  entire   ofTejitr^iiMnL 


unpbiiic  i^^ietu. 
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nervous  mechanism  for  the  larva  etate  lias  li>eeii  aliown  in  Fig.  126 ;  for 
the  pupa,  127;  for  the  imago,  128;  from  wliich  it  will  "be  recognized 
that  tlie  nervous  ayatem  of  insect?,  as  they  pasfl  through  tlieir  metamor- 
Changes  in  ihn  phoses,  undergoes  change.  In  tlic  larva  state,  the  nerves,  a? 
nervuui  jyatem  tliev  htauch  forth  from  tlie  ventral  cord,  indicate  by  iheir  uni- 
metamorpho-  formit}'  thc  cquahty  oi  the  soguients  of  the  body.  In  many 
"*•  cases  the  cord  iia  separated  tliroughout  its  whole  length  into 

its  two  constituent  strands,  and  the  cephalic  ganglia  are  minute  because 
of  the  imperfect  condition  of  the  organs  of  sense.  In  the  pupa  state 
there  is  a  general  approach  of  the  ventral  gangUa,  an  increase  of  the 
cephalic,,  and  a  thickening  of  the  etranda  which  connect  that  organ  with 
the  subo-aophageaL  In  tlie  imago  state  the  cephaUc  ganglia  have  still 
farther  increased  to  a  size  which  corresponds  to  the  great  development 
of  the  organs  of  sense;  the  ventral  ganglia  appear  to  have  coalesced  in 
the  thorax.  The  genera!  result  of  these  changes  during  metamorphosis 
ia  therefore  to  effect  a  concentration  of  the  nervous  centres  in  the  head 
and  in  the  thorax,  the  ganglia  of  special  senssition  coalescing  in  the  for- 
mer, and  those  of  motion  in  the  latter  region.  We  may  remark  that 
these  modifications  strikingly  illustrate  the  oliscn'atioa  that  change  in 
habits  of  life  is  always  attended  by  change  of  the  nervous  Bystern. 

Besides  being  the  repository  of  the  impressions  of  the  special  senses. 
Sent  oi  mem-  the  ccplialic  ganglia  discharge  a  function  of  a  more  general 
orj-  in  ijwixw.  and  most  important  kind,  since  doubtless  tliey  are  the  sent  of 
memory.  That  insects  of  the  more  elevated  kind  have  the  power  of 
recollection  there  can  not  be  any  doubt.  If  there  were  no  other  fact. 
their  recognition  of  their  homes  would  be  sufficient  to  establish  this.  A 
thou.sand  trivial  incidents  offer  iiidirect,  but  instnictive  and  interesting 
proofa  of  tlie  same  thing.  When  a  spider  who  has  been  disturbed  feigns 
death  in  order  to  avoid  llie  cause  of  iiis  alaroi,  he  proves  his  capacity  of 
recollection,  as  also  when  he  has  been  brought  out  from  his  concealment 
by  touching  his  web,  and,  discovering  the  nature  of  the  imposition  that 
has  been  practiced  upon  hira,  refuses  to  come  forth  upon  a  repetition  of 
the  trial.  The  power  which  tlie  cephalic  ganglia  thus  possess  of  bear- 
ing u|Jon  themselvea  the  enduring  tracesi  of  impressions  received  through 
the  sensory  organs  scarcely  requires  here  to  be  more  particularly  exam- 
ined. In  the  preceding  book,  in  the  chapter  on  inverse  vision,  various 
facts  have  been  mentioned  which  illustrate  the  faculty  possessed  by  the 
optic  centres  in  man  of  retaining  visual  impressions  for  a  considerable 
]X!.riotl  of  time ;  as,  for  instance,  if,  when  we  awake  in  the  morning,  our 
eyes  are  directed  to  the  bright  window  and  then  closed,  a  representation 
thereof  will  still  continue  to  be  seen  in  its  natural  colors  and  relations,  a 
representation  which  gradually  fades  away ;  and,  in  like  maimer,  the 
cephalic  ganglia  register  the  Impressions  they  receive  from  the  optic, 
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tiie  auditory,  olt'active,  and  other  nerves  that  pass  to  them,  ^^^  cpphalic 
and  prescn'C  the  vestiges  thereof;  for,  if  this  be  not  the  case,  ging^lia  are 
it  is  wholly  impossible  to  explain  how  insects  shouhl  liave  the  '"^^"  *"" 
power  of  remcinbering,  even  though  it  be  indistinctly  or  imperfectly, 
things  that  are  past :   those  things  or  effects  must  liave  left  upon  thcni 
iin  enduring  mark^ 

The  ganglia  of  tlio  Tontral  cord,  with  their  related  nerve  trunks,  con- 
stitute a  seriea  of  automfieic  nerve  aTcs,  their  immediate  ob-  ^c^inn  ^f  [h,. 
ject  being  locomotion.  As  has  been  said,  the  impression  of  T^'niml  cord 
the  surface  upon  which  the  insect  rests  gives  ri^e,  under  or-  '"""^'■ 
dinarj-  circumstances,  to  muscular  contraction,  and  thereby  motion,  ami 
the  same  thing  occurs  under  circumstances  of  unuswal  experimental  die- 
turbancc,  aa  when  irritation  of  any  kind — for  instance,  the  pungent  va- 
por of  ammonia — is  applied  to  one  side  of  a  centipede,  the  body  ia  flex- 
ed in  sncli  a  way  as  to  get  rid,  aa  far  as  possible,  of  the  noxious  fume. 
These  movements  arc  purely  reflex,  and  in  their  production,  the  cephalic 
ganglia  are  in  no  manner  concerned. 

Guiding  and  controlling  these  purely  leflex  operationa,  the  cephalic 
ganglia,  by  means  of  the  tibrea  wliich  tliey  send  in  company  ControlUng: 
with  the  trunks  of  llic  ventral  cord,  can  exert  their  influence  ■'■"'"'"'""■ 
iii  tlie  remotest  part  of  the  body.     That  influence  we  distin-  glia. 
guish  as  being  of  a  twofold  nature :  in  part  it  is  doc  to  impressions 
which  are  being  at  that  moment  received  through  the  various  organs  of 
sense — the  eye,  the  ear,  or  whatever  other  such  organ  the  insect  under 
consideration  may  possess,  and  in  part  arising  from  the  residues  of  old 
impressionH  which  the  ganglion  has  formerly  recet\'"ed.     It  does  not 
theircfore  seem  possible,  at  least  as  regards  tbe  more  perfect  of  these 
tribes,  to  accept  the  views  of  Deaciirtes,  who  regarded  all  insects  as  mere 
automata.     They  arc  automata  only  so  far  as  the  action  of  DBscartea'a 
their  ventral  cord  and  that  ijortloii  of  their  cephalic  ^anelia  Jwi"«'tliat 

>  _  -r_  o      o         in^ci:)^  ure  nil- 

which  deals  with  contemporaneous  imprcaaiona  is  concerned,  loamn. 
but  tbey  arc  not  automata,  since  they  are  under  the  influence  of  those 
ganglia  as  the  registers  of  past  impreasions. 

What  ha3  been  said  respecting  insects  applies  to  all  higher  tribes  of 
life.  Man  himself  is  no  exception.  In  the  preceding  book  wc  hai-c  shown 
(hat,  ao  far  as  Ids  spinal  nervous  system  is  concenicd,  he  la  simply  an 
automaton,  and  that  it  ia  the  development  of  a  brain  thereupon  which 
makes  him  capable  of  voluntary  action.  Wc  have  seen  that  in  his  indi- 
vidual progress  part  is  evolved  from  par£,  an  ever^nereasing  coniplexitj- 
and  an  ever-con tinuing  improvement.  „    .    , 

It  IS  the  same,  also,  witli  the  gronp  to  which  he  belongs —  uiiam  m  ani- 
the  vertebrates.     Just  in  proportioii  to  the  advance  of  their  ".^'^'^I'f'fJ'^;' 
"■erebral  mechanism  are  their  psychical  powers.    The  amphi-  powers." 

Qq 


610  WRITING   AS   A   fiECOKD. 


J 


Qxns,  which  has  no  cerebral  heTniapheres.reprcaeiits  the  condition  of  man 
when  the  action  of  \ih  brain  is  suspended  in  sleep ;  the  fish,  the  reptile, 
the  bird,  follow  in  an  naccnding  order — an  order  whicli  man  biniself  pqases 
lliTough  in  his  individual  progress  of  development. 

And  maji  in  the  aggregate — ^in  society — -in  the  race— -does  the  &aiae,lus 
I.islorical  career  being  ii  transcript  of  his  individual  career.  Generation 
after  generation  leads  a  purely  automatic  life,  the  life  of  barbarism;  but, 
by  degrees,  there  ia  evolved  in  such  conditiona  the  means  of  registry  or 
iVriiin  -  ii  the  Tccord.  The  acts  and  thoughts  of  one  age  can  then  be  trans- 
means  or  record  mitted  to  another,  and  can  influence  ita  acts  and  thoughte. 
or  KMiety.  Civilization  can  not  exist  without  writing,  or  tlie  means  of 
record  in  some  shape. 

Writing  once  invented,  the  advance  in  society  is  again  precisely  as  it 
is  in  the  individnah  In  part  it  is  regulated  by  the  physical  circum- 
staiicea  around;^  in  part  by  the  interior-— the  acquired  principle. 

In  the  Buperiicial  sketch  which  I  intend  now  to  give  of  the  progresB 
yf  European  civilization,  there  arc  certain  facta  which,  from  their  promi- 
nenoe*  can  not  fail  to  arrest  our  attention.     They  are,, 

1.  Europe  remained  in  the  barbarous  state  until  it  obtained  the  means 
<  icner*!  facts  "^^  perpetuating  ideas,  that  is  to  say,  until  it  learned  the  art  of 
■  f  EuropMn.     writing. 

LKtory.  2_  'phe  pragrefjs  of  civilization  in  Europe  was  attended  by 

an  absolute  physiological  change  in  its  inhabitants.  Tliey  were  brought 
nearer  to  the  condition  of  the  inhabitante  of  a  more  tem[>erate  climate. 
On  this  point,  however,  we  have  dwelt  to  a  sufficient  extent  in  the  pre- 
ceding chapter. 

3,  The  European  mind  ia  analytic,  that  of  Asia  is  synthetic  In  Eu- 
rope, the  action  in  philosopliy,  in  religion,  in  politics,  tends  to  the  inces- 
sant decomposition  of  a  thing  into  its  parts,  and  their  separate  discos- 
.sion.  The  results  of  this  tendency  ate  seen  in  many  of  the  practical  social 
difficulties  of  modern  times. 

Before  entering  on  this,  the  concUialon  of  his  work,  the  author  may 
recall  by  a  few  passing  remarks  the  general  -views  which  have  been  in- 
cidentally scattered  through  preceding  pages  res|>ecti]ig  the  nature  of 
man,  the  influence  of  surroimding  circumstances  over  him,  his  social  posi- 
tion, the  detiniteness  of  his  career,  a  definitenesa  which  authorizes  us  to 
Treat  hia  history,  not  as  though  it  were  composed  of  chance  events,  but 
.;3  a  fitting  subject  for  the  contemplation  of  physiology. 

Man  ia  every  where  constructed  upon  the  same  essential  type,  and 
iience,  in  one  sense,  he  acts  in  an  invariable  manner,  but  that  type  passes 
forward  in  development  to  many  different  aspects,  and  hence,  in  another 
sense,  he  exhibits  diflerencea  in  his  determinations  and  movements. 

With  the  form  and  size  of  the  brain,  the  intellectnal  capacity  of  man 
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varies.  In  a  state  of  nature,  his  mental  powers  are  in  close  relation  with 
[he  climate  in  ivLicli  he  lives,  attaining  their  greatest  perfection  in  the 
warmer  portion  of  the  tcmpemte  zone ;  btit  under  the  artificial  condition 
of  civilization,  in  whicli  the  vicissitudes  of  the  seasons  are  compenaatcd 
for  by  food,  fire,  shelter,  and  clothing,  properly  adjusted,  he  gaina  hia 
maximum  development  in  a  somewhat  higher  latitude. 

Al'tet  Tvbat  has  bren  said  in  the  last  chapter  respecting  tlie  influence 
of  physical  circumatances  on  the  structure  of  man,  producing  nioditied 
development  in  our  typical  form,  and  thereby  giving  rise  to  many  dis- 
tinct families,  it  will  be  anticipated  that  those  circumstances  must  con- 
sequently modify  our  mental  operations,  onr  manner  of  thinking  and  act- 
ing, that  is  to  say,  must  le^ive  their  marks  on  our  history  as  nations, 
l-'or  a  long  lime  this  has  been  recognized  in  a  general  manner:  the  mount- 
aineer thinks  difFerently  and  acts  differently  to  the  native  of  the  low- 
lands ;  he  whose  life  is  epent  on  the  borders  of  the  sea  to  him  who  Uvea 
in  the  great  plains  in  the  interior  of  eontinents.  But  it  is  not  to  these 
iiiLfluencea  as  operating  by  association  on  the  individual  that  I  now  refer; 
it  is  rather  to  the  profound  effect  they  have  had  in  producing  a  special 
cerebral,  and,  therefore,  mental  organization  in  the  course  of  many  gen- 
erations on  races  and  nations. 

Let  us  always  reniemljer  that  there  is  a  common  principle  which  un- 
derlies the  varied  movementa  and  determinations  of  men  every  where — a 
principle  from  which  no  one  can  disentangle  himself.  At  tlie  bottom  of 
even  the  most  diverse  actions  it  may  be  discerrjed,  just  as  we  can  detect 
the  fundamental  type  of  our  organization  under  the  most  varied  forrag. 

As  froia  the  pliysieal  |X)int  of  view  there  is  a  standard  man  who,  in 

wei^-ht,  heicht,  strength,  and  otiier  such  like  particulars,  rep-    , 

•=",*',  .  .       „  .        ■       NalHreofmAii. 

resents  the  entire  human  iarauy,  so,  m  an  mtellcctual  point 

uf  view,  there  is  a  standtird  man  who,  in  mental  progress,  manner  of 
thinking  and  of  acting,  represents  the  whole  race.  There  arc  also  sub- 
ordinate standards,  the  representatives  of  particular  groups  or  nations. 
It  is  to  these  standards  t!mt  we  are  continually  appealing  in  arriving  at 
a  judgment  of  the  acta  of  individuals,  Tiie  upccial  history  of  these 
phases  constitutes,  in  a  philosophical  sense,  national  historj'.  The  rec- 
ord of  tiie  developnient  of  the  fundamental  type  constitutes  universal 
history. 

1  have  already  remarked  that  universal  history  is  only  a  chapter  in 
physiology.  Since,  hy  reason  of  the  similarity  of  construction  of  the 
cerebral  apparatus,  the  actions  of  men  will  present  a  uniformity  when 
under  the  influence  of  similar  motives  or  impidsea,  there  is  not  only  a 
rcf^emblance  between  such  actions  among  different  persona,  Influonfe  of 
hut  also  it  may  be  discerned  when  nation  is  compared  with  ^""^^^'^^^g 
nation,  and  race  with  race  ;  for  the  movements  of  eoramuni-   on  Lim. 
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ties  depend  on  the  same  niotivea  as  the  movements  of  individuals,  beiiig 
indeed  the  sum  of  individual  determinations.  But  when  multitades  and 
masses  are  thns  brought  under  our  consideration,  the  element  of  free-wrill 
seems  for  the  most  part  to  disappear,  and  events  assume  an  air  of  pre- 
destination. To  this  principle  it  is  that  Liston'  owes  its  chief  valuc^  and 
tnilj"  becomes,  as  ia  often,  said,  philosophy  teaching  hj  example.  The 
intelligent  man  who  lived  twenty  centuries  ago  would  doubtless  have 
come  to  the  same  deciaion  which  ia  reached  bj  the  intelligent  man  of  our 
times  ;  the  same  propositions  being  submitted  to  botii^  both  guiding 
themselves  by  similar  principles  to  a  like  result.  The  ]ogic  of  truth  is 
eternal,  for  it  ia  the  expression  of  the  manner  of  action  of  our  cerebral  ap- 
paratua,  the  typt  of  which  never  clianges ;  and  since  there  is  thus  no 
essential  change  in  the  typical  construction  of  man,  and  therefore  none 
in  the  manner  of  operation  of  his  mcnta!  processes,  since  physical  nature 
DefiniieneBBof  ^^  Unvarying,  and  the  events  of  life  epringoneout  of  another 
tiiA  career.  jn  g  regular  order  or  sequence,  there  must  arise  those  same 
analogies  in  the  history  of  race  compared  with  race,  and  nation  compared 
with  nation,  that  arc  so  obvious  when  individual  is  compared  with  indi- 
viduAL  Of  every  great  future  event  there  is  therefore  a  past  Iiistory,  for 
Qvery  such  event  has  had  its  precedent  in  other  histories,  and  therefore 
its  prognostic*  Things  will  follow  in  a  deiinite  order  so  loug  as  the  in- 
fluences of  external  nature  aie  the  same,  and  so  long  as  the  construction 
of  the  human  brain  ia  the  same. 

The  political  foresight  of  the  most  eminent  statesmen  depends  on  a 
gift  of  appreciating  national  mental  types,  like  that  possessed  by  great 
sculptors  or  painters  of  appreciating  a  standard  of  beauty.  It  is  this 
which  enables  them  to  foresee  the  probable  consequences  of  events,  and 
to  realize  the  expected  action  of  individuals,  and  even  of  masses  of 
men.  In  such  actions  there  is  far  more  uniformity  than  is  commonly 
supposed.  Tlie  same  general  conditions  which  yield  to  the  post-office 
a  definite  percentage  of  misdirected  letters  every  year — whicli,  with  mar- 
velou3  fidelity,  give  to  the  hospitals,  the  jails,  the  bills  of  mortality,  their 
expected  numbers,  operate  from  age  to  age,  and  in  one  nation  as  in  an- 
other, and  hence  arises  that  appearance  of  fate  iu  tlic  action  of  masses 
to  which  we  have  alluded;  hence  also  it  ia  that  the  same  cycle  of 
events  re-occurs  again  and  again,  diversified,  periiaps,  but  never  essen- 
tially changed  by  iJie  influence  of  individual  free-will.  As  the  compar- 
ative anatomist  exhibits,  in  the  different  members  of  the  living  scries, 
their  common  points  of  resemblance — that  this  organ  in  one  animal  is 
the  homologue  of  that  in  another,  and  this  function  the  analogue  of  that, 
so  the  philosophical  statesman,  acknowledging  the  essential  principle  of 
comparative  history,  reasons  from  nation  to  nation  and  from  age  to  age. 
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CUIKP  EVe<fTS   IV   TIIK   Cn'l  LIZATION   OF   EUKOFE. 

The  Odyssey  presents  ua  a  vivid  picture  of  tlie  atate  of  Europe  $■ 
thousand  years  before  the  birth  of  Chriat.  A  twilight  was  „  ^^  aaata 
breaking  on  the  most  eastern  verge  in  the  couELtrles  adjoin-  iny  from  Uar- 
ing  the  Hellespont,  but  the  West  and  the  North  were  im-  '^"'"'' 
raersed  in  a  night  of  barbarism.  The  unfolding  miiid  is  ever  prone  to 
rill  darkness  with  imaginary  creations,  and  it  was  with  the  white  race  at 
that  period  as  it  is  with  a  child.  Every  ahore  of  the  Mediterranean 
and  Black  Seas  wag  fiill  of  prodigies.  To  the  Greek  no  fiction  was  too 
niarveloua  for  belief  if  it  was  separated  from  his  view  by  a  hmidred 
years  or  a  hundred  miles,  the  exaggeration  of  tradition  conftrining  it  in 
the  one  case,  and  the  difficulties  of  travel  in  the  other.  Hia  horizon  was 
crowded  with  enchantresses  like  Cin^,  sorcerers  like  Tiresias,  naonsters 
like  the  Cyclops.  Gods  and  goddesses  were  |>erpetually  flying  through 
tiic  air  ;  every  hill  had  its  supematural  legend,  every  forest  its  phantom. 
Even  the  mouth  of  hell  was  on  the  farther  side  of  the  Euxine, 

A  religion  of  superetition  is  very  liable  to  be  colmeeted  with  a  life 
i;f  evil  works.  The  maritime  enterprise  of  those  days  seems  to  have  re- 
ceived no  little  incitement  from  the  temptations  of  piracy — a  temptation 
to  which,  evpn  at  a  later  period,  thctjreek  apjiears  instinctively  to  turn; 
nor  were  the  felonious  expeditions  restricted  to  the  taking  of  goods  ;  they 
drew  an  additional  profit  from  the  stealing  of  men.  The  evidences  of 
even  a  still  darker  crime  may  also  be  discerned,  since  there  were  people 
.iccused  by  common  fame  of  eating  the  captives  who  fell  into  their  hands. 
The  white  man,  therefore,  emerges  from  hia  slate  of  barbarism  a  pirate, 
a  slflver^  a  cannibal,  cruel  in  his  moment  of  power^  and  debased  by  an 
incredible  superstition  in  hia  moment  of  fear. 

Unable  to  originate  his  civilization  for  himself,  he  drew  the  elements 
nf"  it  from  another  country.      Uy  the  concurring  testimony  of   p.  _..,     . 
all  authors,  as  well  as  the  internal  evidencea  of  ancient  history,  originated 
tliat  great  blessing  ia  the  gift  of  Egypt     For  thirty-four  cen-  '"  ^^tTT"' 
turies  before  our  era  that  country  was  governed  by  dynasties  of  kings, 
succeeding  each  other  without  interruption.     Its  soil,  proverbially  fer- 
tile, sustained  a  population,  estimated,  in  the  most  prosperous  times,  at 
about  seven  millions;  and  repeated  military  expeditions  into  Asia  and 
Kthiopia  had,  in  the  course  of  ages,  concentrated  in  it  immense  wealth, 
tlie  spoils  of  conquered  nations,  and  crowded  with  captives  and  slavea 
the  Valley  of  the  Nile. 

For  this  long  continuance  of  the  Egyptian  polity  satisfactory  reasons 
may  be  assigned.  In  early  ages,  when  maritime  expeditions  Antipcit  «mdi. 
were  necessarily  feeble,  the  country  was  open  to  invasion  t'^of^Rpt. 
only  across  a  narrow  neck  of  land  on  tlie  east,  and  was  protected  from 
any  attack  on  the  west  by  impassable  and  Intern iinable  deserts.     ITiider 
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the  military  system  of  remote  antiquity  Egypt  was  almost  inaccessible  ; 
but  through,  the  clianges  of  later  times,  and  ever  since  naval  expeditions 
have  been  carried  to  any  extent,  her  positioa  has  been  that  of  cstreme 
weakness.  The  uniform  experience  of  twenty -live  centuriea,  from  the 
Persian  wars  to  those  of  the  French  Revolution,  has  shown  that  the  pos- 
session of  the  mouths  of  the  tirer  is  ecj^uivalent  to  the  conquest  of  the 
country. 

In  the  security  of  tliis  inaccessible  retreat,  and  under  |K>litical  institu- 
tions of  a  favorable  character,  tlie  civilization  wliich  was  to  he  conferred 
on  the  white  man  originated.  For  a  succession  of  centuries,  industrial 
art,  and  its  parent,  natural  knowledge,  appear  to  have  undergone  a  steady 
development;  perhaps,  as  in  other  countries  at  a  later  time,  advancing  in 
the  more  prosperous  poUtical  seasons,  find  becoming  stationary  in  the 
decay  of  the  empire.  The  statements  fumiglied  fo  us  by  Greek  authors 
are  of  very  little  value,  for  as  long  a  period  of  time  intervened  betweeq 
the  first  Egyptian  kings  and  them  as  from  them  until  now.  It  is  rather 
from  the  monuments  of  the  Egyptians  tliat  we  must  judge.  Each  year 
eince  their  country  has  been  open  to  investigation,  and  their  hieroglyphic 
system  understood,  the  impressions  we  have  received  of  their  intellectual 
advancement  have  been  more  and  more  favorable.  The  vocal  statue  of 
Memnon  at  Thebes,  it  is  said,  cmittetl  a  musical  sound  when  touched  by 
the  rays  of  the  sun.  In  the  light  of  modern  criticism,  every  obelifik  and 
monument  in  those  desolated  palaces  ia  finding  a  voice. 

The  public  works  attest  to  this  day  the  greatness  and  permanence  of 
Brannrraofibo  the  Egj-ptian  monarchy,  and  the  peculiarities  of  the  Egyp- 
Egjptijins.  ^j^jj  i,]ind.  From  the  statues  and  ruins  of  the  temples  of 
the  Greeks  we  see  what  a  vivid  jjcrception  that  people  had  of  the  bcauli* 
fill.  TIjc  statues,  and  tombs,  and  temples  of  the  Egyptians  ofTcj  a  strik- 
ing contrast;  the  useful  every  where  predominates.  The  vases  of  the  one 
were  adorned  with  emblematical  and  graceful  forms;  the  tombs  of  the  oth- 
er were  covered  with  scnlptuTcs  and  paintings,  commemorating  the  ordi- 
nary pursuits  of  hfe,  and  various  processes  in  the  arts  and  manutacturea. 

These  sculptuies  and  paintings  eliow  to  what  an  extent  the  physical 
sciences  and  arts  depending  on  them  had  been  cultivated.  They  set  be- 
fore us  tlic  domestic  life  and  daily  business  and  trades  of  the  people: 
cookeTj--,  confectioner)',  glass-blowing,  weaving,  pottery-making,  manu- 
facture nf  cotton,  painting  on  wood  and  stone,  staining  of  glass,  atid  a 
hundred  other  occupations.  Among  the  pictured  representations,  a  chem- 
ist sees  w^ith  pleasure  the  appiratua  of  liis  art»  siphons^  bellows,  blow- 
pipes, etc. 

Shut  up  by  its  political  system  from  the  Mediterranean  nations  in  the 
same  manner  that  the  Chinese  and  Japanese  empires  have  been  in  later 
times  from  other  stales,  Egj-pt  was  to  the  Greek  a  land  of  mystery  and 
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marvels.  The  exaggerated  legends  which  had  been  brought  from  it  at 
distant  intervals  hy  those  who  had  csc;ipcd  by  stealthy  or  in  troubloiig 
times  liad,  like  Cecropa  and  Uanaus,  led  tbrth  colonies  of  emigrant'),  lost 
none  of  their  wonders  in  the  traditions  of  succeaaive  generations,  but 
were  rather  verified  by  the  roving  pirates  who  Iiad  seen  the  pyramids, 
obelisks,  and  sphin:xcs,  and  the  great  temples  on  the  banks  of  the  Nile. 

The  first  step  in  civilization  is  the  invention  of  some  system  of  per- 
manent record — sonic  method  of  writing.  Without  this,  it  jntTOjuetiqii 
may  be  truly  said  that  law  can  not  exist.  Law  can  not  main-  ef  ■writing  from 
tain  itself  in  the  uncertainties  of  tradition  —  law,  without  ''*'''' 
which  wc  can  not  conceive  of  society.  The  legendary  history  of  Europe 
ia  doubtless  correct  in  referring  to  some  of  these  Egyptian  fugitives  or 
emigranta  the  contemporaneous  introduction  of  writing,  and  a  system  of 
jurisprudence.  Even  if  the  former  was  derived  from  Phrenicia,  accord- 
ing to  the  story  of  Cadmus^  the  Phcenicians  had  originally  borrowed  it 
from  Egypt,  It  is  an  interesting  illustration  of  the  tendcjicy  of  the  Eu- 
ropean mind  to  analysis,  that  of  the  forma  of  writing  known  in  those 
times,  the  ideogmphic  or  picture-writing,  the  syllabic  or  the  representa- 
tion, of  syllable  sounds  by  Bigns,  and  the  alphabetic,  the  latter  alone 
maintained  its  foothold  in  Europe.  Thi3  form,  as  described  at  page  350, 
casentially  consists  in  decomposing  articulate  expressions  into  their  con- 
stituent vowel  and  consonant  sounds,  and  asgigning  for  each  of  those 
sounds  a  letter. 

About  seven  hundred  years  before  Christ,  events  took  place  which  led 
to  the  extension  of  Egyptian  civilization  to  Europe.  The  an-  jntroduttiun 
cient  power  of  the  kings  had  declined,  through  disputes  and  of  lih-j-piiin 
eomproniiscs  occurring  between  them  and  the  priesthood.  Be- 
tween the  priests  and  the  military  caste  there  wag  an  open  quarrel,  man}' 
of  the  former  having  been  deprived  of  their  lands.  These  rivalries  broke 
out  in  revolts  and  insurrections,  and  for  two  years  the  country  was  in  a 
state  of  anarchy,  from  which  a  partial  respite  was  obtained  by  an  entire 
change  in  its  institutions.  Twelve  of  the  moat  influential  persona  divided 
it  among  them,  each  having  a  province  which  ]ic  ruled  as  an  indej)endent 
king-  The  old  monarchy  bad  degenerated  into  an  oligarchy^  and  it  waa 
this  revolution  which  introduced  African  science  into  Europe. 

Paammetichus,  one  ofthc  twelve,  Jiad  for  his  province  the  country  which 
borders  on  the  Mediterranean  Sea.  Availing  himself  of  his  position,  he 
established  an  intercourse  with  the  neighboring  nations,  particularly  the 
Greeks  and  Phcenicians,  and  amassed  from  it  so  much  wealth  that  his 
colleagues,  jealous  of  hia  increasing  power,  resolved  to  dispossess  him. 
Until  this  timcT  all  foreigners  had  been  licld  in  the  utmost  contempt,  and 
rigidly  excluded.  Psamnictichus  called  in  the  aid  of  Ionian  pirates,  and 
other  Mediterranean  adventurersj  and,  having  collected  a  sufficient  body 
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of  sacli  mercenaries,  defeated  bis  colleagues  at  tlie  battle  of  SlonienipJiis, 
and  became  sole  ruler  of  the  whole  country. 

By  the  aid  of  a  foreign  foree  the  revolution  had  been  ended,  but  thi' 
Optnintr  of  the  position  of  Paammetichus  was  eaaentially  different  from  that 
i»grtsci(E^v].t.  of  all  preceding  princes.  A  foreign  force  had  given  Iimi  the 
ihroncj  and  it  foreign  torce  alone  could  maintain  liiin  on  it.  Under  sucL 
circumstances,  iie  took  Jiia  moat  ^ralitic  courae,  and,  breaking  through  the 
1  radjtions  of  twenty-five  centuries,  opened  the  ports  of  Egypt, 

Tiiis  event  neccssajily  led  to  a  closer  intereourse  among  the  Mediter- 
ranean natioiL^,  and  insured  communication  between  Europe  and  Africa. 
The  foreign  clement  (piickly  made  its  influence  manifest.  In  the  very 
next  reign  tlio  Cape  of  <.»ood  Hope  was  doubled,  and  jlirica  circumnavi- 
gated, a3ul  in  the  course  of  a  very  feiv  years  we  find  Pythagoras,  Solon, 
and  Thalca  visiting  Egypt,  and  bringing  from  thence  to  Earope  the  ele- 
ments of  law  and  natural  science. 

The  I'crsian  empire  In  tiic  mean  time  had  attained  an  attitude  of  aii- 
_..  p  ,  premacy  in  "Western  Asia.  KoIIowIng  the  inspirations  of  its 
empire:  iuiii-  Babylonian  predecessors,  it  waa  engaged  in  continual  wars 
"™'^'*-  with  its  Afriean  neighbor.     From  the  Iwittle  of  Pelusiura* 

and  the  conquest  of  Egypt  by  Cambyses,  the  political  intereste  of  that 
oountiy  and  Greece  became  essentially  the  same.  The  Persian  con- 
querors, operating  alternately  on  the  noith  and  south  shores  of  the  JledJ- 
Terranean,  betrayed  a  determination  to  extend  tlieir  rule  around  tJiat  sea, 
and  make  it  a  Persian  lake.  On  the  one  hand  they  were  resisted  by  the 
Greeks,  on  the  other  by  the  Egjiitians,  between  whom  active  communi- 
cations were  kept  up.  Eor  several  ccntuiica  these  operations  were  con- 
ducted witii  varioua  success.  The  k[uga  of  Persia,  several  of  whom 
seem  to  have  been  men  of  great  capacity,  comprehended  the  political  ad- 
vantages which  would  arise  from  tlie  poasession  of  the  sea,  and  would 
have  doubtless  carried  out  their  plans  as  respects  tiie  south  shore,  if  the 
Phoenicians  had  not  opposed  obstacles  for  the  sake  of  their  colony  at 
Carthage.  And  tliough  the  Greek  historians,  wilh  a  pardonable  motive. 
speak  of  the  various  movements  on  the  north  as  failures,  there  are  many 
circumstances  wliich  lead  us  to  receive  their  accounts  with  allowances, 
[f  Memphis  was  sacked,  Athens  also  was  burned  ;  and  even  at  the  ojten- 
ing  of  the  jilacedonian  expedition,  Greek  history  is  full  cf  Persian  inci- 
dents and  intrigues. 

In  speaking  of  the  Egj'ptian  cultivators  of  philosophy  A3  priests,  the 
...  ,  signification  whicli  is  now  attached  to  that  word  gives  us  an 
Kgj-ptian  pfii-  erroneous  idea  of  what  they  really  were.  The  colleges  at 
'^''  ^'  Memphis, Thebes,  Ileliopolis,  and  Sais,  were,  in  reality,  each 

*he  head -fju alters  of  a  fiuternity  of  artists  and  professional  men,  and  bore 
no  sort  of  I'esemblance  to  our  modem  ecclesiaBtical  institutions^     Among 
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them  were  ardhltectH,  lawyers,  phjsieiaiia,  painters,  chemiste,  astrono- 
mers. Tiiese  men  were,  moreover,  the  graat  landownora  ;  not  only  were 
(he  temples  riclily  endoiived  aa  corporations,  bnt  the  individual  meiubers 
were  persons  of  wealth.  They  enjoyed  monopolies  of  all  kinds  ;  for  in- 
stance, among  other  things  they  had  extensive  factoriea  for  cottons,  and 
InLoratoriea  for  tlie  preparation  of  chemical  products* 

From  these  inatitutions  the  Ureek  philosopliers  brouglit  natural  sci- 
ence. Pythagoras  bad  resided  at  Thebes,  Thalcs  and  Democ-  jhe  Greek 
vitus  at  Memphis,  Plato  at  Heliopoli&,  Solon  at  Sais.  They  Bi^hoot*, 
did  at  first  little  more  than  expound  the  doctrines  tliey  had  learned. 
Their  made  of  iiiatniction  seems  to  have  been,  in  many  instances,  found- 
ed on  the  Egyptian  model*  The  Pythagorean  establisliment  at  Crotona 
may  be  regarded  as  a  partial  imitation  of  the  African  colleges. 

It  is  not  my  intention  to  enter  on  an  examination,  or  even  enuniera- 
rion,  of  ancient  philosophical  opiniong,  nor  to  show  that  many  of  tlic  doc- 
trines which  have  ll>ccn  brought  fonvard  within  the  last  three  centuriap 
I'xistcd  in  embrj'O  in  those  times.  It  may,  however,  be  observed  that^ 
in  the  midst  of  nmeh  error,  tliere  were  those  who  held  just  views  of  the 
various  problems  of  theology,  law,  poKtics,  philosophy,  and  particularly 
<if  the  fundamental  doctrines  of  natural  seience,  the  constitution  of  the  so- 
lar system,  the  geological  liistory  of  the  eai-tti,  the  nature  of  chemical 
forces,  the  physiological  relations  of  animals  and  plants. 

It  is  supposed  by  many,  wJiose  altcntiuti  has  been  casuallv  drawi^  to 
tiic  philosophical  opinions  of  antiquity,  tlmt  the  doctrines  which  we  stil] 
vr;tain  as  true  came:  to  the  knowledge  of  the  old  philosophers  not  so  much 
iiy  processes  of  legitimate  investigation  as  by  mere  guessing  or  crude 
t'pcculalion,  for  whieh  tliere  ivaa  an  equal  clinnce  whether  they  were  right 
(ir  wrong ;  Ijut  a  closer  examination  will  sliow  that  many  of  them  must 
iiavc  depended  on  results  previously  determined  or  observed  by  tlie  At- 
ricans  or  Asiatics,  and  thus  tlicy  seem  to  indicate  tliat  the  human  mind 
lias  undergone  in  twenty  centuries  but  little  change  in  its  manner  of  ac- 
tion, and  that,  commencing  with  the  same  data,  it  always  comes  to  the 
same  conclusions.  Nor  is  this  at  all  dependent  on  any  inherent  logic  of 
tmth.  Very  many  of  the  errors  of  antiquity  have  reappeared  in  our 
times.  If  the  Greek  schools  were  infected  with  materialism,  pantheism, 
and  atheismj  the  later  progress  of  philosophy  hag  shown  the  same  char- 
ncters.  To  a  certain  extent,  such  doctrines  will  receive  an  impression 
t'rora  the  prevaiHng  crcedsj  but  the  arguments  which  have  been  appealed 
to  in  their  favor  have  always  been  tlic  same.  The  distinction  Iwtween 
these  heresies  in  ancient  and  modern  times  lies  chiefly  in  the  giosser 
characters  which  they  formerly  assumed,  arising  partly  from  the  retiected 
influence  of  the  existing  mytliology,  and  partly  from  the  imperfections 
of  exact  knowledge.     Even  the  errors  of  early  antiquity  are  venerable. 
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We  moBt  judge  our  prej^eocseora  by  the  same  rules  tliat  we  hope  pos- 
terity will  judge  us,  making  a  generous  allowance  for  the  imperfections 
of  reason,  tbe  inftnnities  of  character,  and  especially  for  the  prejudices 
of  the  times.  To  bare  devoutly  believed  in  the  eiiistence  of  a  human 
soul,  to  have  looked  forward  to  its  continuing  after  the  deatli  of  the 
body,  to  liave  expected  a  future  state  of  rewards  and  punishments,  and 
to  bave  drawn,  liierefromj  as  a  pbilosopliical  conclusion,  the  necessity  of 
leading-  a  virtuous  lifc^ — these,  though  they  may  be  enveloped  in  a  cloud 
of  errors,  are  noble  results  of  the  intellect  of  man. 

The  analytical  quality  of  the  European  mind  a^lready  manifested  itself 
Anslytifal  in  this  decomposition  of  knowledge  derived  from  foreign  coun- 
E^opoaV  ^  1^68,  in  tliis  establish  men  t  of  a  liost  of  schools,  this  examiaa- 
miad.  tiou  and  discussion  of  the  fundamental  elements  of  the  im- 

ported phUosophy.  As  there  arc  differencea  in  tlie  physiognomy  of 
races,  so  there  arc  differences  in  their  intellectual  endowments,  whicht 
arising  in  pecuharitics  of  cerebral  construction,  communicate  peculiarities 
to  tlic  procea^e.^  of  thinking.  The  physical  science  of  Egypt^  transported 
to  Gree«j,  rapidly  degenerated  into  speculative  philosophy,  and  in  so 
doing  produced  an  instability  of  opinion  which  entaUcd  as  its  conse- 
qxience  a  laxity  of  niorala.  Such  a  social  condition  led  naturally  to  the 
results  which  history  indicates.  It  is  not  surprising-  that  the  most  em- 
inent men  were  ojjcn  to  bribciy,  and  that  the  glory  of  those  ages  waa  so 
often  tlie  brilliancy  of  corruption.  These  are  the  nccessaiiy  results  at- 
tending such  political  conditions.  Too  often  it  fell  out  that  the  great 
men  of  f  ircece  accused,  and  too  often  convicted  each  other  of  being  in- 
fluenced by  Persian  intrigues  and  Persian  gold.  In  the  general  demor- 
alization, they  seem  to  have  taken  for  their  guide  a  perverted  interpreta- 
tion of  the  admirable  precept  of  Solon,  *'  In  every  thing  thou  doest,  con- 
sider the  end."' 

Added  to  this,  the  public  faith  in  things  once  implicitly  believed  was 
shaken.  Xerxes  in  a  very  uu ceremonious  way  violated  the  temples  and 
carried  off  tbcir  treasures,  showing  the  same  contempt  for  the  gods  of 
Europe  l)iat  Cambyscs  had  shown  for  tliose  of  Africa.  If  there  lingered 
in  the  minds  of  the  philosophers  any  latent  belief  m  the  national  faith,  a 
relic  of  the  impressions  of  childhood  or  of  popular  opinion,  such  a  prac- 
Orupk  inv-  t'cal  demonstration  could  scarcely  be  lost.  During  the  fifty 
litnon.  years  of  that  war,  tbe  philosophical  opinions  of  the  Fersians 
had  full  op]>ortunity  to  find  their  way  among  a  class  of  men  quite  open 
to  receive  them,  and  from  this  time  we  perceive  a  striking  similarity  be- 
trs-een  many  of  the  doctrines  of  the  schools  and  the  wcU-known  dogmas 
of  the  Orientals.  The  Greeks,  like  the  Hindoos,  in  the  possession  of  the 
mere  rudiments  of  science,  passed  at  once  to  the  discussion  of  the  most 
important  and  elevated  problems  with  wliich  the  human  mind  can  be  en- 


OKiara   OF   EUROPEAN   COMMERCE.  619 

gaged,  find,  as  an  inevitable  consequence^  were  led  away  from  true  phi- 
losophy into  Bopliistry  and  irreligion. 

It  Las  been  remarked  a  few  pages  back,  that  in  the  progress  of  nations 
events  follow  in  repeating  cycles,  and  that  for  any  one  we  may  generally 
find  it3  precursor,  and  tlierefore  ita  prognostic.  Greece  dealt  with  the 
philosophy  sbe  liad  received  from  the  southern  people,  African  or  Ani- 
atic,  exactly  in  the  eamc  manner  that  Europe  dealt  with  Italian  theology 
the  moment  that  liberty  of  action  was  permitted  by  the  Reformation.  In 
each  case  the  issue  was  not  the  prompt  and  final  substitution  of  a  sys- 
tem correcting  apparont  and  acknowledged  defects,  a  system  in  muson 
with  the  existing  tone  of  thought.  There  was  no  sueh  stoppage  of  ac- 
tion ;  but  from  the  bosom  of  each  prijiciple  and  sect  many  otlier  princi- 
ples and  sects  arose,  until  there  seemed  to  be  no  end  to  the  subdivision. 

If  thus  we  consider  tlie  political  position  of  Cfreece,  tJic  condition  of 
Asia  Minor,  occupied  by  Persian  troops,  the  destruction  that  Influfcncfi  of  the 
had  overtaken  Egypt,  the  excitements  and  calamities  of  a  war  oiTmoiiern'phi. 
of  half  a  century,  wc  can  readily  understand  that  this  was  losophy. 
not  a  season  when  the  tedious  and  slow  processes  of  true  jihilo&ophy  were 
likely  to  flourish,  and  that  it  was  far  more  conducive  to  imposture  than 
to  science.  The  eeeds  of  knowledge  which  had  been  brought  from 
Egj'pt  shot  up  into  a  rank  growth,  and  Europe  did  not  free  herself  of 
these  weeds  for  sixteen  centuries.  The  character  of  a  long  train  of 
events  is  often  determined  at  its  inception ;  for  this  reason,  I  have  dwelt 
in  detail  on  those  times,  and  it  Is  well  worthy  of  remark  that  the  posi- 
tive science  of  the  European  was  not  fairly  established  until  after  three 
distinct  impulses  from  Egypt  i  once,  as  wc  have  seen,,  under  her  Pha- 
raohs ;  again,  under  her  Ptolemies ;  and  still  again,  under  her  caliphs 
and  aultans. 

While  these  events  were  taking  place  in  the  southeast  of  Eorope,  do- 
mestic and  foreign  commerce  were  preparing  the  way  for  a    -^ .  .     ,p 
gradual  ditfusion  of  civilization,     A  trade  with  the  countries   rapt^an  com- 
bordering  on  the  Baltic  Sea  for  the  amber  which  is  found  on   '"*'"*■ 
those  shores  had  gradually  arisen,  and,  m  like  manner,  another  with 
Spain,  France,  and  England  for  tin.     The  tin  of  Cornwall  was  C4irried 
tlirough  France  and  shipped  by  the  Phceniciana  at  Marseilles,  a  certain 
quantity  of  the  same  metal  being  also  obtained  from  the  Spanish  mines. 
Early  in  their  history  the  Phoenicians  had  established  colonies  on  several 
points  of  the  Black  Sea,  and  from  these  depots  they  bronght  the  varioua 
products  of  those  countries,  among  which  may  be  mentioned  gold,  which 
had  apparently  been  originally  derived  frora  the  washing  of  the  Uralian 
deposits.     This  Black  Sea  commerce  seems,  however,  to  have  been  event- 
ually abandoned  for  the  more  profitable  Spanish  trade,  and  on  tlic  with- 
drawal of  the  Phoenicians  from  the  Etudne,  the  Greeks  occupied  their 
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ijj^p  .  place.  Meantime  the  enterprise  of  the  Tyrian  sailors  had 
ifcftStraiwof  carried  them  through  the  Straits  of  Gibraltar,  and  enabled 
(.ibrtitBr,  tiie^n  to  have  direct  access  with  the  tin  and  amber  countries 
without  the  interventio]!  of  any  overland  traffic  It  was  doubtless  tte 
discovery  of  tliis  outlet  to  the  Atlantic  which  led  to  the  destruction  of 
tiie  Gaulish  trade  in  tin  and  the  German  trade  in  amber.  So  greatly 
iivas  this  latter  substance  prized,  that  the  overland  commerce  in  it  had 
many  ramifications :  tlm3  amber  was  carried  into  Italy  by  the  Etruscans, 
iivho  had  a  Bacracl  road  under  the  protection  of  the  adjacent  tribes  to  the 
lialtic  Sea. 

"With  their  commerce  the  Phoenicians  disseminated  a  knowledge  of 
many  inventions  peculiar  to  themselvesT  among  which  may  be  mentioned 
tiie  use  of  stamped  metallic  coinage.  Their  great  African  colony,  Ca:^ 
tiiage,  exerted  in  these  movements  eventually  a  more  powerful  influence 
tlian  even  the  parent  country, 

Emulatinj^  tJie  enterprise  of  the  Phoenicians,  the  Greek  mariners  un- 
dertook cxpeditiona  both  to  the  east  and  to  the  west,  aucceeding,  as  we 
have  Been,  in  eatabliahing  themsclvea  on  the  shorea  of  the  Euxine,  and 
eventually  passing,  under  Colceua  of  Samos,  through  the  Strajta  of  Gib- 
raltar into  the  Atlantic  Ocean;  but  even  up  to  the  time  of  the  ilace- 
j  he  MacedoBi-  douian  expedition,  their  geographical  ideas  were  very  crude 
an  eampaiac.  and  full  of  errors.  Of  the  expedition  ofjVlexaiuler,  Hum- 
boldt remarks  tliat  it  partook  a3  much  of  the  character  of  a  scientific  as 
of  a  military  undertaking,  and  its  consequences,  both  immediate  and  re- 
mote, upon  Europe  can  scarcely  be  exaggerated.  Tliat  great  commander 
surrounded  himself  with  whatever  talent  Wiis  to  be  found  in  Greecei  and 
made  his  military  aucceasea  for  a  time  subservient  to  the  science  of  his 
native  country.  It  was  through  this  that  Aristotle  obtained  that  com- 
manding influence  which  not  only  gave  him  an  authority  over  the  active 
nsind  of  hig  own  times,  but  which  was  felt  even  until  the  introduction  of 
the  Baconian  system  of  philosophy.  The  campaigns  of  Alexander  doub- 
led the  geography  of  the  Greeks  in  longitude,  opened  to  their  investi- 
gation Ticw  conntries  even  to  the  tropics,  brought  them  acquainted  with 
racca  of  men  who  had  been  the  depositaries  of  science,  as  it  then  existed, 
for  thousands  of  years,  and,  in  short,  added  Asiatic  to  Grecian  knowl- 
edge. It  is  a  significant  fact  that,  after  the  taking  of  Babylon.  Alexander 
sent  to  Aristotle  a  series  of  astronomical  observations  reaching  back 
through  1903  yeara.^ 

The  Macedonian  expedition  not  only  made  a  profound  impression  on 

J.         .       .  the  European  mind  by  its  immediate  results — its  iiifliience  is 

monan^jin     equally  palpable  in  it6  remoter  consequencea.     It  would  be 

•ETf'  impossible,  iji  sucii  a  sketch  as  this,  to  do  justice  to  that  great 

event  in  all  its  detaik;  fo^  nations  can  not  be  thus  brought  in  contact 
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without  prodigious  mental  results,  the  extincfion  of  old,  and  the  appear- 
ance of  new  ideas.  But  of  t!ie  iiiHuences  which  thus  ai-ose,  there  ia,  how- 
ever, one  which  deserves  to  fasten  out  attention,  flnd  the  more  bo  since 
we  have  had  already,  and  shall  Iiave  again,  the  occasion  for  alluding  to 
it.  It  was  the  establishment  of  a  regal  government  in  Egypt.  Under 
the  Ptolemies,  who  may  he  truly  characterized  as  the  moat 

-11  .,,(.,.,  .  ,    Tlie  Plolomiea. 

illustnoua  kings  oi  antiquity,  that  ancient  country  recovered 
her  pristine  glory.  Among  the  works  accoinpliahed  by  these  great  men 
may  Le  mentioned,  as  cxaniplea  of  tlieir  hjgh-toned  jioUcy,  the  sending 
out  of  an  exploring  expedition  to  equiTioctial  Africa;  the  ei?tafaIiHhTOent  of 
menageries  and  zoological  gardens  at  Bruchium;  their  attempts  at  determ- 
ining the  cause  of  the  overflow  of  the  NUcj  the  library  at  Ale^ifvndria; 
the  museum  at  Khakotia ;  the  measurement  of  a  dpgrne  on  the  earth 'a 
autface  between  Alexandria  and  Sycnc;  the  ascertaining  of  tlie  prodigious 
distance  of  the  region  of  the  tixod  stars ;  the  recognition  of  the  motion 
of  rotation  of  the  earth  upon  her  axis,  and  of  her  translation  around  the 
sun  ;  the  precession  of  the  equinoxes ;  tlie  .ittenipt  at  constructing  a  map 
of  the  world  by  the  aid  of  degrees,  baaed  on  hinar  observations  and  on 
shadows ;  the  improvement  of  the  methods  of  astronomical  obser\'atio]i 
by  the  invention  of  water -clocks,  and  instruments  for  the  more  accurate 
measurement  of  angles.  iVlong  with  these,  IWon  llmiiboldt,  in  his  Cos- 
mos, has  enumerated  many  other  philosophical  works  of  the  Ptolemies, 
which  exerted  a  profoimd  influence  both  upon  the  knowledge  and  intel- 
lect of  Europe.  Greece  now  repaid  wJiat  she  Jiad  formerly  borrowed ; 
iier  schools  of  philosophy  were  translated  to  Alexandria,  and  the  great 
names  of  Euclid,  Apollonius,  and  Archimedes  testily  to  the  return  of 
these  ages  to  exact  science. 

The  decline  of  Greece  and  her  final  absorption  into  the  Koman  em- 
pire was  the  necessary  consequence  of  her  mode  of  hfe.  In  DniinD  of 
jwlicy  as  in  philosophy,  her  essential  tendency  was  to  sul>  rf^of  the  I'^j. 
division,  and  therefore  to  weakness.  In  her  external  rela-  "dbh  empire, 
tions  she  had  ever  been  far  more  closely  connected  with  Asia  than  with 
Europe.  For  a  long  time  she  was  little  more  than  an  outlying  territory 
of  Persia,  respecting  and  fearing  the  highly-civihzed  nations  in  her  front, 
but  scarcely  concerning  herself  with  the  barbarians  at  her  back.  Verj' 
different  was  it  with  Rome,  her  great  supplanter  and  successor,  who, 
thoroughly  European  in  her  whole  history,  exercised  an  active  interven- 
tion in  the  affaire  of  adjacent  nations — an  influence  perijetually  felt 
througli  Spain,  Germany,  Gaul,  and  Britain. 

It  is  difficult  to  estimate  fiilly  the  influence  of  the  Ttoman  empire  on 
the  intellect  of  Europe.  Its  power  lay  not  in  the  origination  of  what  was 
new,  but  in  the  development  and  dissemination  of  what  was  derived  fron^ 
other  sources-     The  contributions  of  the  li^nian  em[>erors  to  the  stock 
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of  positiTe  knowledge  bear  no  kind  of  comparison  to  that  of  the  Ptole- 
mies just  mentioned;  indeed^  their  works  have  reference  chiefly  to  military 
jjurposea  and  inaterial  aggrandizement.  In  this  manner  we  must  look 
upon  tbc  surveys  and  itineraries  which  they  Caused  to  he  made  of  vari- 
ous parta  of  tlic  empire.  Neverthdesa,  through  their  influence  the  idea 
of  civilization  was  gradually  made  to  find  its  way  through  Central  and 
Xorthern  Europe. 

The  function  of  Roma  in  our  history  is  very  distinct.  From  BmaU 
CentTflJizinp  beginnings  she  steadily  pursued  the  same  progress.  The 
powBrof'*'"^  conquest  and  absorption  of  town  after  town,  which  Tvae  the 
Aomo.  history  of  lier  earlier  times,  was  carried  out  in  the  annexation 

of  nations  in  her  day  of  strength.  From  the  moment  that  she  gained 
the  control  of  the  Jleditcrtanean  Sea,  which  was  the  grand  epoch  of  her 
life,  slie  inexorably  forced  all  the  contenDinous  nations  to  acknowledge 
Italian  centralization.  It  is  no  metaphorical  expression  that  she  became 
their  centre  of  gravity.  No  circumstance  could  occur  to  her  which  did 
not  instantly  infUienee  them  all.  As  far  more  than  an  equivalent  for 
subjugation  and  loss  of  independence,  she  made  them  into  a  commoti 
race,  harmonizing  their  actions,  and  giving  them  common  ideas.  The 
Roman  empire  was  the  organizing  principle  of  the  white  man. 

The  acta  of  man,  though  they  may  have  the  aspect  of  free-will  as  re- 
gards himself,  are  automatic  as  regards  tlie  race.  He  is  employed  in 
achieving  a  result  of  which  he  is  utterly  ignorant ;  he  is  concerned  in  a 
work  of  the  eflFects  of  which  he  is  unconscious.  He  is  like  a  bee,  which 
doubtless  experiences  a  certain  pleasure  in  flying  from  flower  to  flower, 
the  gratiiication  of  an  obscure  desire  in  constructing  cell  after  cell,  ita 
individual  delight  ministering  to  a  public  good  of  the  nature  of  which  it 
is  wholly  unconscious. 

In  such  a  manner  we  may  look  upon  the  career  of  the  Roman  with 
satisfaction,  Ue  was  pursuing  a  life  of  evil  deeds,  and  accumulating  in 
Ilia  great  and  dissipated  capital  the  apoila  of  wasted  provinces,  gratifying 
his  wanton  luxuries  by  a  systematic  resort  to  war,  that  most  awful  of 
the  curses  that  afilict  our  race.  It  was  the  temporary  lust  of  individual 
interest  that  he  was  pursuing.  Providence  was  bringing  out  of  it  a  uni- 
vcrsol  good. 

If  Rome  waa  crnel  in  Her  national  acta,  she  wda  majestic  in  her  policy. 
TL  < ..  rc     SiiC  decimated  nations  that  she  mieht  bind  them  into  one 

Ib&fnll  of  ha-  .  .  ... 

ropeac  pu^na-   family.      With  remorseless  vngor  she  extinguished  every 

""*  trace  of  independent  action,  and  with  a,  contradictory  but 

noble  liberality,  domcaticated  the  worship  of  every  conquered  people 
round  the  Capitol.  There  was  no  god  whose  image  she  could  not  show, 
no  faith  of  which  she  was  not  the  patroness.  It  may  serve  aa  an  exam- 
ple of  the  manner  in  which  her  policy  led  to  delinite  results  of  which,  she 
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was  unaware,  ot,  if  flware,  of  the  manner  in  which  the  atrong  Iiand  of 
Providence  inverted  her  designs,  that  by  this,  her  system  of  universd 
toleration  of  every  ancient  faith,  she  absolutely  destroyed  them  all. 
Brought  thus  to  bear  upon  one  another  at  a  common  central  point,  their 
eontradictions,  inconsistencies,  fallacy,  and  emptiness  became  apparent. 
The  men  of  capacity  liret  made  the  detection,  their  opinions  spreading 
by  degrees  through  society.  Well  might  St.  Chryaostom  say  that  the 
error  of  idolatry  vanished  of  itself,  and  tliat  paganism  seemed  in  his  day 
"  like  a  conquered  city,  whose  walls  were  overthrown,  her  halls,  theatres, 
and  public  buildings  consumf  d  by  fire,  her  defenders  slain,  and  here  and 
there  a  fe^v  old  men  and  children,  lingering  among  the  ruins*  Even 
theae  were  soon  found  no  more," 

It  is  sometimes  aaid  that  the  Boman  empire  was  eaaentially  composed 
of  cities ;  that  at  its  fall  its  fragments  were  cities ;  and  that  it  left  nothing 
To  posterity  but  its  municipal  eyatem.  Such  a  statement  ia  not  true. 
1  ts  legacy  waa  of  a  far  higher  order*  It  left  the  religion  it  liad  adopted, 
the  civil  law,  and  the  foreshadowing  of  the  great  deeds  that  might  be  ac- 
complished by  the  white  man  organized  and  united.  To  this,  in  a  more 
perfect  way,  the  affairs  of  our  times  are  BtiU  conspicuously  tending.  We 
begin  to  hear  of  the  opinion  of  Europe,  the  public  law  of  Europe,  eipres- 
sions  which  arc  gaining  each  day  more  and  more  significance. 

In  that  phantasmagorial  exhibition  which  we  call  history,  events  give 
birth  to  evcuta  as  in  dissolving  views,  the  phantoms  of  the  influoncQofth,' 
actors  stalking  one  after  another.  It  is  not  always  possible  ciiiiwre  in  it* 
for  113,  with  the  eleiider  information  we  possess,  to  determine  "*' 
the  time  of  origin  of  each  incident,  or  its  true  and  actual  bearings.  The 
secret  history  of  antiquity  is  almost  unknown.  Nearly  e^ery  circum- 
stance in  tlie  decline  of  the  Roman  empire  was  fraught  with  important 
consequences  for  modern  times.  Among  the  more  obvious  facts  which 
attract  our  attention  are  the  dislocation  of  the  centre  of  the  empire  by 
the  translation  of  the  scat  of  government  to  Constantinople,  the  conse- 
quent acquisition  of  power  by  the  bishops  of  Rome  in  tlie  West,  tlie  in- 
'jcssant  emigrations  and  invaaions  of  barbarians  from  the  Xorlh,  the  con- 
quests of  the  Sai'acens,  from  whom  it  seemed  at  one  time  that  Europe 
would  hardly  escape,  and  tiiat  the  tiireat  of  3Iuza  would  come  to  pass. 
that  the  name  of  Mohammed  should  be  proclaimed  in  the  Vatican;  the 
consolidation  of  ecclesiastical  policy,  and  the  repeated  attempts  of  tht- 
Church  to  suppress  barbarism — attempts  so  signally  eucceasful  that  by 
the  end  of  the  eighth  century  many  of  those  nations  h.ad  written  systems 
of  law  ;  the  separation  of  the  Greek  and  Latin  Chmrches,  the  Th*^  pnpal 
different  phases  which  the  latter  assumed  as  she  was  affected  eov«niin«ni. 
by  existing  circumstances,  how  she  extricated  herself  from  an  almoat 
barbarous  state  after  the  empire  had  failed  her,  how  &he  asserted  the  in- 
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dependence  of  the  spiritual  order,  how  she  kept  her  grasp  upon  mankind 
by  the  estabUshment  of  monastic  institutions ;  how,  after  the  death  of 
Charloinagne,  who  had  done  so  much  for  her,  slie  adopted  the  fcudfll 
aysteiii,  which  was  the  legitimate  offspring  of  barbarism ;  how,  as  knowl- 
edge began  to  spread,  she  tried  to  render  it  tributary  to  her  by  councils, 
convocatioiiB,  federations ;  how,  finding  it  hkely  to  become  uneontro liable, 
she  took  the  alannj  and  in  an  evil  hour  atfeniptcjd  its  repression ;  liow 
for  a  little  while  she  became  the  autocrat  of  Europe,  and  in  the  plenitude 
of  her  power  so  greatly  forgot  her  duty  that,  in  the  time  of  Leo  X-,  it 
was  doubted  in  Kome  whether  the  soul  be  immaterial  and  immortal, 
Erasmus  testifying  with  horror  that  he  heard  it  proved  that  there  is 
no  difference  between  the  aoul  of  a  man  and  that  of  a  beast — of  a  truth 
it  was  eaid  that  the  Eternal  City  teemed  at  once  witli  all  crime  and  all 
tlie  glories  of  art — Iiow,  against  tiie  moral  and  intellectual  revolt  which 
she  encountered — the  Itoformation — the  Church  made  a  stand  by  the  aid 
of  the  Society  of  the  Jesuits  and  tlie  establishment  of  the  Inquisition^ 
ru  nttemot  nt  ^'"^1^  "^^^'^  ^  quick  aensc  of  Jicr  true  position,  attempted  lo 
sufiprcaaiiig  guidfi  chiMren  through  education  by  the  former^  and  to  check 
philowphy.  1^^^  ^^  ji^g  terrors  of  the  latter :  how,  as  if  by  instinct,  she 
detected  the  antagonism  of  exact  science,  and  on  the  one  hand  published 
her  Index  of  proliibited  books,  and  on  the  other  allied  herself  with  art, 
cultivating  it  so  eminently  as  to  compel  even  her  enemies  to  confess  that 
she  had  produced  true  miracles  at  last — in  arcliitccture,  sculpture,  paint- 
ing, music.  Pius  IV.  was  justified  in  comparing  some  of  her  grand 
masses  to  the  strains  of  Paradise. 

Tiic  mistake  commitled  by  the  Italian  goTemnient  in  thus  attempting 
the  compression  of  human  thought  was  in  its  imjierfect  appreciation  of 
the  quaiilies  of  the  European  mind  and  the  existing  philosopliical  tead- 
cney.  Up  to  a  certain  point  opinion  may  be  coerced  by  force.  It  is 
altogctiier  a  vulgar  error  that  persecution  never  attains  its  ends.  In 
nine  cases  out  often  it  does  attain  them,  provided  it  is  applied  with  auf- 
licicnt  severity  and.  for  a  sufficient  time^  as  is  proved  by  the  history  of 
almost  any  nation;  but  in  the  tenth  it  fails. 

Judging  from  the  experience  of  twenty  centmlea,  for  that  was  nearly 
Failure  vt  [hut  *^>^  period  during  u'liicli  tlie  Euro[iean  had  been  philosophiz- 
atfomjit.  ing^  \\i^  poijcs  were  justified  in  coming  to  the  conclusion  that 

they  did.  Those  centuries  had  produced  no  philosophy  of  a  sure  and 
[termanent  kind.  The  only  fruit  which  they  had  borne  was  the  meta- 
physical uncertainties  of  the  scbooisi  There  seemed  bo  prospect  tliat  the 
human  mind  would  ever  do  more  than  flounder  in  doubt ;  that  sect  after 
sect,  and  doctrine  after  doctrine,  would  emerge  into  prominence  and  disajiK 
jicar.  In  such  a  state  of  things,  it  was  not  to  be  supposed  that  any  peril 
could  arise  &om  attempting  lo  control  opinion  by  authority,  and  to  extin- 
guish the  spirit  of  inqnirv  by  asserting  tlie  permanent  cflScacy  of  faith. 
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In  thus  failing  to  recognize  the  fact  that  things  were  coming  to  that 
condition  in  which  the  elements  of  certainty  and  absolute  philosophical 
truth  would  be  shortly  attained,  the  popes  committed  the  Church  to  an 
irreparable  error.  They  periled  her  authenticity  in  an  unequal  conflict. 
It  might  do  for  a  little  time  to  deny  and  denounce  the  globular  figure  of 
the  earth,  but  the  demonstration  of  the  truth  came  irresistibly  at  last ; 
and  so  with  the  doctrines  of  the  antipodes,  the  daily  rotation  on  an  axis, 
and  the  annual  translation  round  the  sun.  It  enlianced  the  folly  of  these 
proceedings  that  they  were,  in  reality,  insincere.  Of  the  great  ecclesias- 
tics there  probably  were  none  who  did  not  privately  admit  the  truth  of 
what  was  thus  condemned.  When  the  bark  Vittoria,  of  Magellan's 
squadron,  made  the  first  voyage  of  circumnavigation  round  the  globe,  it 
was  a  iiigh  Church  dignitary.  Cardinal  Contarini,  who  gave  the  true  ex- 
planation of  the  circumstance,  then  first  remarked,  of  the  loss  of  one 
whole  day  in  her  reckoning.  Such  insincerity,  and  the  issue  of  these 
and  other  like  questions,  could  end  in  no  other  way — they  sapped  the 
prestige  of  the  Church.  How  diiferent  would  it  have  been  if  siie  had 
taken  tlie  lead,  and  directed  the  human  mind  in  the  channels  through 
which  it  was  destined  to  pass,  instead  of  opposing  herself  as  an  obstacle! 
She  might  have  guided,  but  she  could  not  resist. 

It  is  to  be  remarked  tliat  the  men  who,  from  the  twelfth  to  the  six- 
teenth century,  distinguished  themselves  in  precipitating  the  Tiie  Reforma- 
result,  were  mostly  ecclesiastics.  Roger  Bacon  may  be  taken  'i""- 
as  the  type  of  them  all.  Their  labors  had  no  little  connection  with 
the  Reformation  which  was  headed  by  Luther,  Though  we  are  accus- 
tomed to  regard  this  with  the  most  profound  interest,  a  more  philosoph- 
ical view  of  the  state  of  things  may  perhaps  suggest  that  it  is,  in  real- 
ity, only  one  act  of  a  great  drama.  We  should  not  mistake  an  episode 
for  tlie  main  event.  The  Reformation  soon  reached  its  full  expression 
in  dividing  Christendom.  Geographically  it  culminated  in  1648,  at  the 
treaty  of  Westphalia.  By  the  philosopher  it  will  ever  be  contemplated 
with  unalloyed  satisfaction,  for  it  asserted  as  its  chief  doctrine  the  right 
of  the  human  mind  to  judge  for  itself,  a  doctrine  so  unspeakably  precious 
as  to  make  of  no  account  the  inconveniences  which  arise  in  its  practical 
application  from  the  continual  multiplication  of  sects. 

In  tiie  history  of  the  European,  from  the  time  of  the  Emperor  Con- 
stantine  to  the  eighteenth  century,  the  ecclesiastical  element  influence  of 
so  greatly  preponderates  as  to  constitute  its  almost  essential  ^^^  ChriBtian 
feature ;  and,  after  all,  it  is  impossible  to  do  justice  to  the  ropean  civui- 
effects  which  ensued  on  the  establishment  of  Christianity,  '^^'o"- 
and  its  adoption  by  the  white  man  as  his  religion.    The  civil  law  exert- 
ed an  exterior  power  in  human  relations ;  this  produced  an  interior  and 
moral  cliange.    The  idea  of  an  ultimate  accountability  for  personal  deeds, 

Rr 
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of  which  the  old  Europearia  had  an  indiatinct  perception,  liecame  intease 
and  precise;  the  Bcntiment  of  universal  charity  was  ex.empUfied  not  oolj 
in  individual  acts,  the  remembrance  of  which  isoon  pasisea  awaj%  but  in  the 
more  perrnanent  institution  of  establishment 3  for  the  relief  of  affliction, 
the  spread  of  knowledge,  the  propagatiorf  of  truth.  Of  the  great  ecclesias- 
tics, many  had  risen  from  the  humblest  ranks  of  societj,  and  thnse  men, 
true  to  their  democratic  instincts,  were  often  foimd  to  be  the  indesible 
supporters  of  right  against  might.  Eventually  coming  to  be  the  deposi- 
taries of  the  knowledge  that  then  existed,  they  opposed  intellect  to  bmte 
force,  in  many  instances  successfully,  and,  by  the  example  of  the  organi- 
zation of  the  Church,  which  wag  essentially  republican,  they  showed  how 
representative  systems  may  be  introduced  into  the  state.  Xor  was  it 
over  commumtics  and  nations  that  the  Church  displayed  her  chief  power. 
Never  in  the  world  before  was  there  such  a  system.  From  her  central 
aeat  at  Rome  her  all-seeing  cyc,  like  that  of  Providence  itself,  could  equal- 
ly take  in  a  hemisphere  at  a  glance,  or  examine  the  private  life  of  any 
individuaL  Her  boundless  influences  enveloped  kJnga  in  their  palaces* 
or  relieved  the  beggar  at  the  monastery  gate.  In  all  Europe  there  was 
not  a  man  too  obscure,  too  inaignificant,  or  too  desolate  for  her.  Sur- 
rounded by  her  solemnities,  every  one  received  his  name  at  her  altar  ;  her 
bells  chimed  at  his  marriage,  her  knell  tolled  at  hia  fimeral.  She  ex- 
torted from  him  the  secrets  of  hia  life  at  her  confessionals,  and  punished 
his  faults  by  her  penances.  In  hia  hour  of  sickness  and  trouble  her  serv- 
ants sought  him  out,  teaching  him  by  lier  exi^uisite  litanies  and  prayers 
to  place  ilia  reliance  on  God,  or  strengthening  him  for  the  trials  of  life 
by  the  example  of  the  holy  and  just,  Her  prayers  had  an  efficacy  to 
give  repose  to  the  aoul  of  his  dead.  Wlien  even  to  liis  friends  his  life- 
less body  had  become  an  offense,  in  the  name  of  God  she  received  it  into 
her  consecrated  ground,  and  under  her  shadow  he  rested  till  the  great 
reckoning  day.  From  little  better  than  a  slave  she  raised  hia  wiie  to  be 
his  equal,  and,  forbidding  him  to  have  more  than  one,  met  her  recompense 
for  those  noble  deeds  in  a  iirm  frieiid  at  every  fireside.  Discountenancing 
all  impure  love,  she  put  round  that  fireside  the  children  of  one  motlio'* 
and  made  that  mother  little  less  than  sacred  in  their  eyes.  In  ages  of 
lawlessness  and  rapine,  among  people  but  a  step  above  savages,  she  vin- 
dicated the  inviolability  of  her  precincts  against  tlic  hand  of  jMwer,  and 
made  her  temples  a  refuge  and  sanctuary  for  the  despairing  and  oppress- 
ed.    Tmly  she  was  the  shadow  of  a  great  rock  in  many  a  weary  land ! 

The  civilization  of  the  European,  so  far  as  it  has  yet  advanced,  has 
been  accomplished  by  the  agency  of  many  different  causes,  foreign  and! 
domestic ;  but  among  ail  these,  the  institution  of  the  Christian  Church 
stands  pre-eminent  by  reason  of  the  moral  po^ver  it  exerted,  its  duratioTt, 
and  the  social  benefits  it  lias  conferred. 
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Out  of  the  numberless  blessings  which  have  thus  been  conferred  on  our 
race  by  the  Church,  the  physiologist  may  be  permitted  to  se-  xbe  s«bbaUi 
lect  one  for  remark,  which,  in  an  eminent  manner,  has  con-  ^y- 
duced  to  our  physical  and  moral  well-being.  It  is  the  institution  of  the 
Sabbath  day.  Not  that  this  originated  with,  or  is  peculiar  to  the  Chris- 
tian faith,  since,  as  is  known  to  all,  it  dates  from  the  remotest  times,  and 
was  directly  adopted  from  the  Hebrew  ceremonial.  Its  sanctification  and 
enforcement  by  the  Church  was  at  once  an  object  important  in  the  high- 
est degree  in  ecclesiastical  polity,*  and  a  boon  to  all  classes  of  men ;  for 
in  whatever  position  of  life  we  may  be  placed,  it  is  needful  for  us  to  have 
an  opportunity  of  rest.  No  man  can  for  any  length  of  time  pursue  one 
avocation  or  one  train  of  thought  without  mental,  and,  therefore,  bodily 
injury — nay,  without  insanity.  The  constitution  of  the  brain  is  such 
that  it  must  have  its  time  of  repose.  Periodicity  is  stamped  Necessity  of 
upon  it.  Nor  is  it  enough  that  it  is  awake  and  in  action  by  ?«'*«'■  of  •""*. 
day,  and  in  the  silence  of  night  obtains  rest  and  repair;  that  same  perio- 
dicity which  belongs  to  it  as  a  whole,  belongs  to  all  its  constituent  parts. 
One  portion  of  it  can  not  be  called  into  incessant  activity  without  the 
risk  of  injury.  Its  different  regions,  devoted  to  different  functions,  must 
have  their  separate  times  of  rest.  The  excitement  of  one  part  must  be 
coincident  with  a  pause  in  the  action  of  another.  It  is  not  possible  for 
mental  equilibrium  to  be  maintained  with  one  idea,  or  one  monotonous 
mode  of  life.  There  is  a  necessity  even  for  men  of  great  intellectual  en- 
dowments, whose  minds  are  often  strained  to  the  utmost,  to  fall  back  on 
other  pursuits,  and  thus  it  will  always  be  that  one  seeks  refnge  in  the 
pleasures  of  quiet  country  life,  another  in  foreign  travel,  another  in  social 
amusements.  Pitt  sought  a  relaxation  from  the  cares  of  politics  in  the 
excitement  of  the  chase ;  Davy  found  a  relief  and  consolation  in  the  rod 
and  line ;  and  among  men  whose  lot  is  cast  in  the  lowliest  condition,  whose 
hard  destiny  it  is  to  spend  their  whole  lives  in  the  pursuit  of  their  daily 
bread,  with  one  train  of  thought  and  one  unvarying  course  of  events,  the 
same  principle  imperiously  applies.  It  is  often  said  that  the  pleasures 
of  religion  are  wholly  prospective,  and  to  be  realized  only  in  another 
world ;  but  in  this  there  is  a  mistake,  for  those  consolations  commence 
even  here,  and  temper  the  bitterness  of  fate.  The  virtuous  laborer,  though 
he  may  be  ground  down  with  the  oppressions  of  his  social  condition,  is 
not  without  his  relief:  at  the  anvil,  the  loom,  or  even  the  bottom  of  the 
mine,  he  is  leading  a  double  existence — the  miseries  of  the  body  find  a 
contrast  in  the  calm  of  the  soul,  the  warfare  without  is  compensated  by 
the  peace  within,  the  dark  night  of  life  here  serves  only  to  brighten  the 
glories  of  the  prospect  beyond.  Hope  is  the  daughter  of  despair.  And 
rhus  a  kind  Providence  so  overrules  events  that  it  matters  not  in  what 
station  we  may  be,  wealthy  or  poor,  intellectual  or  lowly,  a  refiige  is  al- 
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ways  at  hand,  and  the  mind,  worn  oat  witk  one  tiling,  turns  to  another) 
and  its  physical  excitement  is  followed  by  physical  repoae. 

By  the  enibrcement  of  the  observance  ot'  the  Sabbatli  the  Church  gare 
InflneQCG  of  effect  to  this  providential  Hystera  of  physical  and  mental  re- 
pnbiicworebip,  ligf,  J  }ia.vQ  already  said  that  her  cliief  atreugth  lay  in  thia, 
that  she  concerned  herself  with  the  common  man,  who  never  in  the 
world's  history  before  Lad  had  any  to  watch  over  or  to  care  for  him. 
She  humanized  him  by  tlie  devotional  solemnities  of  a  sacred  day — a 
day  of  entire  relief  from  toU.  Ignorant  and  rude  thougli  he  might  "be, 
it  Wiaa  not  poasible  for  him  to  enter  her  hoary  temples  without  being 
made  a  better  man.  The  atmosphere  of  rest,  the  twilight  streaming 
tbffougb  the  painted  windows,  the  prayer  in  an  unknown  tongue,  the  slow 
cdianting  of  old  hymns,  or  the  swelling  forth  of  those  noble  straius  of 
music,  which,  once  heard,  are  graven  in  remembrance  forever — these  she 
had  made,  with  more  than  worldly  wisdom,  the  elements  or  incidents  of 
public  worsliip.  She  gratilied  the  maidy  sense  by  asserting  before  her 
altar  the  equality  of  all  men,  by  making  the  vain  and  transitory  grada- 
tions of  society  disappear,  and  by  teaching  the  rich  and  the  poor,  the 
great  and  the  humble,  their  common  dependence  on  the  mercy  of  God. 
Under  her  powcaful  hifliience,  marticulate  Nature,  as  if  spellbound,  seeio- 
ed  to  acquiesce  in  tlie  tranquillity  of  the  Sabbath  day,  and  to  assume 
an  air  of  rest.  In  the  cottage  they  rose  at  a  later  hour.  The  father 
cleansed  himself  with  more  tlun  usual  care,  and,  if  it  was  the  custom 
of  hia  country,  shaved  his  iace,  perhaps  sadly  neglected  in  the  interven- 
iDg  week,  and  dressed  himself  in  his  better  clothing.  His  honest  pride 
found  a  gratiiication  in  the  neatness  of  Ms  wife  and  children.  Hia  table 
was  more  bountifully  supplied,  his  heart  humanized  by  the  grateftil  r&- 
lief  from  labor,  and  the  society  and  converse  of  those  dearest  to  hini» 
Physically  and  mcnt^iy  he  rests,  and  by  that  rest  is  enabled  to  sustain 
the  cares  of  a  life  of  toil.  It  is  not  without  a  reason  which  we  may  turr 
to  our  profit,  that  the  Scriptures  have  placed  upon  lasting  record  that 
the  Great  Head  of  the  Church  has  taught  ug  both  by  precept  and  personal 
example  how  to  use  this  day ;  and  that,  for  the  sake  of  the  many  gen- 
erations of  laboring  and  weary  men  who  were  to  follow  him,  he  inflexibly 
resisted  every  attempt  at  encroachment  upon  it  by  the  grim  bigots  and 
hypocrites  of  his  times. 

Though  Home  did  httle  for  Europe  in  tlie  production  of  knowledge, 
_  ■■11  ^^^  ^'^"^  ser^'od  its  interests  well  in  the  most  vital  respects. 
She  gave  it  her  system  of  law  and  her  religion.  Witli  the 
introduction  of  Koman  usages  among  barbarians  came  the  Roman  law, 
modifying  or  abrogating  the  existent  imperfect  polities.  To  a  consider- 
able extents  its  spread  was  due  to  the  indueuoe  of  the  ecclesiastics  and 
the  wants  of  the  rising  municipalities. 
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The  influence  exerted  by  the  Roman  empire  on  the  social  condition  of 
Europe  in  the  two  particulars  to  whicli  reference  has  been  ,  „  „«  fth 
made,  the  introduction  of  the  ciril  law,  and  the  establish-  HohmmmoduM 
ment  of  the  Christian  Chxirch,  occurred  in  the  period  of  its  "^  ""'**' 
decline,  and  was  therefore  contemporaneous  with  the  spread  of  Moham- 
medanism through  the  north  of  A£ica,  and  the  occupancy'  of  Spain  by 
the  Arabs.  To  a  very  considerable  degree,  the  practical  character  whidi 
European  thought  has  exhibited  in  later  centuries  is  to  be  attributed  to 
the  Arabians,  who  have  justly  been  termed  the  founders  of  physical  8(0.- 
ence ;  for  though,  through  them,  the  literature  of  Greece  was  intro- 
duced into  Western  Europe,  the  writings  of  Aristotle,  for  example,  being 
made  known  through  an  Arabic  translation,  they  imparted  to  what  th^ 
thus  gave  their  own  particular  impress.  Being  the  first  founders  of  or- 
ganized institutions  for  the  cultivation  of  medical  pursuits,  answering 
completely  to  our  more  modem  medical  colleges,  they  attached  to  those 
professional  studies  their  own  peculiar  methods.  It  was  therefore  in  this 
way  that  botany  and  chemistry  were  particularly  cultivated,  be-  xhe  Arab 
cause  they  were  regarded  as  the  foundation  of  Materia  Medica.  «1>«>1«- 
Humboldt  remarks,  that  while  the  Europeans  have  been  disposed  to  con- 
nect the  physical  sciences  with  theology,  the  Arabians  connected  them 
with  medicine,  and  that  through  their  medical  colleges  they  ruled  the 
Christian  schools,  who  looked  up  to  Avicenna  and  Averroes  as  the  great 
authorities  on  these  subjects.  The  most  important  applications  of  the 
mathematical  sciences  to  the  purposes  of  life  were  made  by  the  Arabs. 
Of  this  it  is  sufficient  to  mention  the  introduction  of  the  notation  of  arith- 
metic and  many  instruments  of  navigation,  the  former  not  only  fur- 
nishing an  invaluable  aid  in  the  computations  required  by  the  wants  of 
a  commerce  which  reached  from  the  north  of  Europe  to  Madagascar,  and 
from  the  Atlantic  islands  to  China,  but,  what  was  of  even  more  import- 
ance, in  the  progress  of  mathematical  science  itself,  the  latter  through  the 
aid  afforded  in  astronomical  observations  permitting  the  successAil  ac- 
complishment of  voyages  in  seas  which  even  to  that  time  had  been  little 
frequented. 

It  would  extend  this  chapter  unduly  if  we  were  to  enter  into  any  de- 
tail of  the  special  contributions  of  the  Arabs  to  the  stock  of  Eu-  Arab  discov- 
ropean  knowledge.  It  may,  however,  be  briefly  remarked,  that  ^'''"■ 
we  owe  to  them  our  system  of  universal  arithmetic,  and  even  the  title 
under  which  it  now  passes,  algebra.  Their  discovery  of  the  strong  acids, 
nitric,  sulphuric,  and  also  aqua  regia,  constitutes  an  epoch  in  chemistry. 
The  cultivation  of  that  science  also  was  stimulated  in  no  small  degree 
by  their  attempts  at  the  transmutation  of  the  baser  metals  into  gold,  and 
the  discovery  of  the  means  of  indefinitely  prolonging  life — the  philoso- 
pher's stone  and  the  elixir  vitte.     In  the  science  of  optics,  the  work  of 
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Alhazen  on  refraction  demonstrates  their  cultivation  of  the  methodB  of 
physical  eiperiitient  and  observation,  and  their  application  of  the  pendu- 
lum to  the  ineasureraent  of  time  is  even  yet  acknowledged  to  be  the  most 
pertcct  contrivance  tor  that  purpose. 

In  eetimating  the  value  ot"  the  influence  which  the  Mohaminedaiis  ex- 
crted  upon  the  European  mind,  we  recognize  it3  specific  similarity  to 
that  which,  more  than  a  thousand  years  before,  had  been  communicated 
firom  the  schools  of  Egypt  imder  its  Macedonian  kings,  and  even,  still 
centuried  bdbre  that,  at  the  time  of  the  opening  of  the  Egyptian  ports. 
In  all  three  cases  the  tendency  imparted  was  to  the  cultivation  of  tlu- 
physical  sciencea,  then  in  their  infancy,  and  thereby  to  the  increase  of 
the  niatcrial  power  of  the  race.  In  a  very  short  time,  inventions  wliicli 
have  been  of  the  utmost  importance  made  their  appearance,  auch  as  gun- 
powder*  the  mariner's  con^pass,  and  various  optical  instruments.  It  is 
of  no  moment  whether  these  were  i]itrodueed  by  the  enterprise  of  the 
Arabs  from  Asia  or  whether  they  were  of  mdigciious  origin ;  there  can 
be  no  doubt  that  the  intellect  of  Europe  had  reached  that  peculiar  phase, 
and  the  tendency  of  thought  was  in  that  particular  direction  that,  even 
if  these  discoveries  Iiad  not  been  commuuicated  from  abroad,  they  would 
very  soon  have  been  made  at  home. 

The  llohammcdan  attacks  on  Europe  were  retaliated  by  the  Crusades. 
_„  These  stranj>e  wars,  into  which  the  white  race  piunFed,  were 

instigated  hy  the  Koman  government  toward  the  close  of 
tlie  eleventh  century,  and  were  followed  by  consequences  wlucli  their  pro- 
jectors never  expected.  They  precipitated  barbai'ian  Europe  upon  Asia. 
under  tlje  pretense  of  rescuing  the  Savior's  tomb  from  the  infidel,  but  in 
reality  to  keep  back  the  tbreatened  tide  of  Saracenic  invasion,  and  fo  di- 
vert Gcom  Italy  tiie  rcslleas  military  spirit  that  was  every  where  engen- 
dering. No  other  motive  than  the  one  thus  ostensibly  put  forth  could 
liavc  brought  the  ferociously  independent  hordes  of  Europe  to  act  to- 
gether. It  Lad  been  well  if,  in  ancient  times,  the  emperors  had  been  in 
possession  of  so  useful  a  device ;  it  might  have  saved  the  city  from  somt- 
sieges  and  sacks.  As  it  was,  tlie  turbulent  stream  was  thrown  upon  tbt- 
Byzantine  monarchs  to  tlieir  utter  perplexity.  The  Sar.tccna  received 
it  with  amazement.  The  ostensible  causes  which  had  set  in  motion  sucli 
a  countless  rabble  of  stupid!  barbarians  were  absolutely  incomprclieusi- 
blc  by  them.  In  their  invasions  of  Europe  tJiey  had  carried  the  light 
of  such  science  as  they  possessed,  but  in  tills  counter  invasion  of  Asia 
they  were  repaid  with  the  most  besotted  ignorance- 

The  Crusaders  found  that  the  infidel  they  had  come  so  Jar  to  encottn- 

ipflu^nceofihe  *^  without  provocation  was  valiant  and  polished,  in  many 

CtiiwideHoii      cases  merciful  and  Just     Their  ideas  of  the  Asiatics  under- 

^^""^  went  a  great  change  after  tliey  had  been  in  contact  with 
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them  for  a  time.  Those  who  lived  to  return  to  their  homes  from  the 
successive  expeditions  spread  abroad  a  more  enlaiged  and  correct  con- 
ception of  Oriental  countries,  events,  and  men,  the  influence  of  which 
was  not  lost  to  civilization.  In  his  imprisonment  in  the  fortress  of 
Bierstein,  the  lion-hearted  Kichard  of  England  doubtless  reflected  that 
there  was  more  honor  in  the  infidel  Saladin  than  in  many  a  Christian 
king.  It  has  not  escaped  the  observation  of  historians  that  the  frequent 
communication  which  these  events  established  between  all  parts  of  Eu- 
rope and  the  Italian  coxui  served  often  to  disturb  the  sentiment  of  piety. 
■  The  visitors  at  Rome  saw  things  which  had  been  better  concealed.  Their 
unaffected  simplicity  was  shocked  by  the  dissipation  and  immoralities  in 
high  places.     They  carried  the  shamefiil  story  to  their  homes. 

Among  the  unexpected  and  lasting  advantages  arising  from  the  Cru- 
sades, not  one  of  which  had  been  contemplated  by  the  Ital-  j^^ayaatagej 
ian  court,  may  be  enumerated  more  enlarged  and  liberal  vifews  derived  from 
of  foreign  nations,  and  the  importation  of  Asiatic  discoveries. 
From  the  remote  parts  of  that  continent  embassadors  came  to  Italy,  and 
enterprising  European  travelers,  like  Marco  Polo,  wandered  in  return  all 
over  it.  In  this  manner  the  knowledge  of  the  mariner's  compass  was 
obtained.  From  having  learned  to  employ  their  ships  in  warlike  expe- 
ditions, the  Western  nations  were  induced  to  enter  on  that  career  of  mar- 
itime commerce  which  soon  led  them  to  the  discovery  of  America  and 
the  doubling  of  the  Cape  of  Good  Hope,  and  which,  in  these  times,  con- 
stitutes the  chief  feature  of  their  life.  Trade,  which  until  then  had  been 
overland  or  terrestrial,  became  maritime — a  change  important  to  the  last 
degree,  since  it  eventually  gave  rise  to  the  prodigious  development  of 
manufacturing  industry.  Heavy  masses  of  goods  can  never  be  trans- 
ported by  caravans,  though  they  can  easily  in  ships.  The  geographical 
value  of  countries  was  changed.  Egypt,  for  instance,  lost  her  position, 
not  to  be  recovered  again  until  the  invention  of  the  locomotive,  whicli 
will  restore  land-transport  to  its  former  state.  Wealth  poured  into  the 
maritime  states,  and  markets  were  sought  for  all  over  the  globe.  More- 
over, the  separate  principalities  and  kingdoms  were  taught  to  act  in  uni- 
son, and  the  idea  of  Europe — united  Europe — was  made  manifest.  As 
a  present  advantage  was  realized  the  downfall  of  the  feudal  system,  and. 
as  a  direct  consequence  thereof,  a  redistribution  of  the  population.  To 
this  system,  in  its  flourishing  period,  some  have  been  disposed  to  impute 
many  benefits — that  it  originated  our  domestic  manners,  gave  birth  to 
the  sentiment  of  loyalty  and  honor,  cherished  independence,  and  elevateil 
the  female  sex ;  but  these  are  misconceptions  or  exaggerations.  In  the 
last  particular,  the  advancement  of  women,  the  merit  is  strictly  due  to 
the  Church ;  for,  had  there  been  no  other  reason,  the  universal  preva- 
lence of  llariolatry  throughout  Christendom,  by  diffusing  a  most  accept- 
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able  and  even  ndorable  image  of  female  loveliness  and  virtue,  would  luivc 
led  fa  ihat  result. 

But  far  exceeding  the  Crusades  in  effect,  more  distinct  in  its  origin. 
Discoverv  of  ^'"*^^  ^^  directly  resulted  from  tbe  tone  of  thought  which  the 
Amcrii^a  by  Arabs  had  introduced^  lasting  in  the  influence  that  it  has  ex- 
ihe  Spaniards,  ^^g^j^  ^^^  ^pj|[  forever  exert  on  tJie  destinies  of  the  white 
race,  was  the  discovory  of  America  by  the  Spaniards  in  1492.  This  con- 
tinent, four  hundred  years  before,  had  been  visited  repeatedly  "by  the  Ice- 
landers 4ind  Norwegians  ;  but  the  shores  they  discovered  being  less  hoB- 
pitable  and  less  tempting,  their  expeditions  unsupported  by  a  powerful 
home  government*  and  the  results  little  attractive^  the  very  remembrance 
of  them  Beema  almost  to  have  passed  away.  Had  it  not  been  for  the 
magnetic  needle,  and  other  instruments  of  navigation  introdaced  from  the 
East,  the  passage  of  the  tropical  Atlantic  could  never  have  been  accom- 
plished, and  probably  would  never  liave  been  attempted.  Jlorcover,  we 
■must  not  overlook  the  fact  that  the  rapid  conquests  of  the  Saracens,  and 
even  the  Crusadea  tbemaelvea,  had  introduced  a  largeness  of  conception, 
and  had  familiarized  the  public  mind  with  undertakings  to  be  accora- 
.pliahed  in  regions  that  were  very  remote.  The  succeaaftil  retuni  of  Co- 
lumbus from  his  first  voyage  found  all  Europe  ready  to  rush  into  West- 
ern enterprisea,  and  tiiia  event  may  be  truly  regarded  as  a  grand  epocli 
in  the  history  of  the  wliite  race,  since  it  more  than  quadrupled  the  geo- 
graphical gurt'ace  over  which  they  might  spread,  and  presented  to  their 
unmolested  occupation  climates  from  the  equator  to  the  extreme  north 
and  south. 

In  the  prodigious  emigration  that  ensued,  Spain  led  the  way,  and  did 
OoIodUI  em-  BO  to  her  niiiu  In  vain  she  received  and  scattered  over  Eq- 
pire  of  Spain.  jQpg  ^j^g  wealth  of  Mexico  and  Peru;  she  gave  in  excliange 
for  it  what  was  to  her  of  infinitely  more  value — the  most  enterprising 
and  bravest  of  lier  people.  The  drain  of  thia  class  produced  an  eiTect 
from  which  she  has  never  recovered.  It  left  her  without  energy  and  im- 
becile. In  vain  she  founded  a  greater,  and,  for  the  time,  more  prosjierons 
colonial  empke  than  history  has  ever  recorded,  carrying  her  influences 
through  a  large  part  of  South  and  much  of  North  America,  from  the  At- 
lantic to  the  Pacific  Ocean,  Her  emigrants,  unable  to  withstand  the  in- 
fluences of  a  tropical  climate,  and  intermarriages  and  connections  witli 
the  native  races  among  whom  they  were  thrown,  soon  lost  the  enterprise 
that  had  once  distinguished  them,  and  tbe  descendants  of  the  Spaniard 
in  America  esemplity  at  this  day  the  universal  imbecility  that  is  exhib- 
ited in  the  mother  country. 

In  her  pursuit  of  the  wealth  of  America  Spain  was  a  fearfid  oppreas- 
Thc  fall  of  iiiif  or,  Bartholomew  de  lag  Casas,  the  Bishop  of  Chiapa,  to  use 
Spanish  tiotaer.  jjjg  ^^^^  expression,  charged  her  "before  the  tribunal  of  the 
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Universe"  with  destroying  more  tlian  fifteen  millions  of  natires  dniing 
his  tirae.  -  "  The  acrimony  of  his  style  was  complained  of,  but  the  fact 
was  never  denied."  No  nation  can  practice  such  atrocities  with  impu- 
nity. The  day  of  reckoning  may  be  a  little  postponed,  but  it  brings  its 
inexorable  verdict  in  the  end.  The  broad  hand  of  an  overruling  Provi- 
dence is  at  last  plainly  discovered,  imposing  with  an  unerring  justice  the 
penalty  of  national  crime ;  there  is  no  need  for  GOD  to  hasten :  he  has 
the  centuries  and  eternity  to  work  in.  Even  jiow,  is  not  the  Spaniard  in 
the  hands  of  an  avenger  for  the  Indian  blood  that  cries  for  retribution 
from  the  silver  mines  of  Mexico  ?  For  the  failings  of  the  individual 
there  is  mercy,  but  in  the  ways  of  eternal  justice  no  mediator  is  provided 
for  the  crimes  of  society.  There  is  an  inflexible  recompense  of  good  for 
good,  and  evil  for  evil. 

The  step  which  the  intellect  of  the  white  man  made  since  the  Reform- 
ation is  very  strikingly  discerned  by  comparing  the  natural  ^^  ^^^^  ^ 
philosophy  of  the  fifteenth  with  that  of  the  nineteenth  cen-  t«i  changes  in 
tury.  Its  passage  to  its  present  condition  has  been  marked  ""''^' 
by  a  continual  casting  away  of  the  marvelous.  It  is  almost  impossible 
for  us  now  to  realize  the  fictions  which  occupied  tlie  minds  of  our  pred- 
ecessors. To  '*  penetrate  the  secrets  of  nature"  is  with  us  a  meta- 
phorical expression ;  with  them,  a  portentous  and  solemn  reality,  most 
readily  accomplished  by  the  help  of  familiars  and  imps,  whose  services 
might  be  secured  by  forbidden  enchantments.  The  laboratory  of  an  al- 
chemist was  ill  furnished  whieli  did  not  possess  in  the  shape  of  an  un- 
gainly and  deformed  dwarf  such  an  aid,  and  who,  if  not  the  incarnation 
of  a  devil,  was  at  least  possessed  by  one.  Operations  for  the  discovery 
of  the  philosopher's  stone,  the  powder  of  projection,  and  elixir  of  life, 
were  necessarily  commenced  by  exorcism,  invocations,  and  a  favorable 
aspect  of  astrological  combinations.  There  were  seven  planets,  and  also 
seven  metals,  and  the  guiding  spirits  which  resided  in  the  former  exer^ 
cised  their  influence  over  the  latter,  communicating  to  them  their  specific 
virtues.  The  expressions  have  lost  their  significance,  though  they  have 
descended  to  our  times,  when  we  call  a  certain  metal  mercury,  and  a  salt 
lunar  caustic. 

As  Mr.  DTsraeli,  in  his  "  Curiosities  of  Literature,"  remarks,  whoever 
had  been  a  witness  of  the  miracles  of  these  philosophers  might  well  be 
prepared  to  believe  any  of  their  declarations.  He  who  had  visited  the 
dark  chamber  of  Baptista  Porta,  and  seen  with  his  own  eyes  its  fairy 
but  inverted  landscapes,  its  fields,  and  rocks,  and  rivers,  and  the  moving 
forms  of  men  and  animals  in  their  proper  colors  and  indescribable  charm 
of  light  and  shade,  the  clouds  and  sky,  the  magical  spectres  of  things 
which  the  fingers  could  not  grasp,  a  perfect  but  artificial  day-dream,  might 
surely  feel  justified  in  also  believing  in  the  enchanted  mirror  upon  which. 
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if  a  man  looked,  lie  would  find  leflected  all  the  future  events  of  Iiis  lift*. 
He  who  had  seen  the  phantasmagoria  caat  upon  smoke  in  these  myste- 
rious laboratories,  now  so  little  that  the  eye  could  scarcely  discern  their 
form,  and  now  expandmg  to  a.  gigantic  stature  and  rusliing  fgrth,  was 
duly  prepared  to  credit  the  legends  of  brazen  men  who  could  speak  and 
even  prophesy,  nay,  whose  limbs  would  continue  to  grow  uidese  the  de- 
mon that  poascssed  them  was  cast  out.  A  vial  of  that  which  wc  call 
ammonia,  the  mere  smelling  of  which  can  recall  one  &oin  a  swoon,  w&s 
a  very  fair  earnest  of  the  elixir  of  life.  No  prodigy  wag  too  great  to  be 
believed.  Ab  in  dreams,  nothing  was  too  impoflaibie,  nothing  too  con- 
tradictory. Men  who  could  make  tliemaelvea  invisible  even  without  the 
romantic  aid  of  a  ring;  incombustible  sages  who  could  wash  themselves 
in  melted  copper,  and  sit  at  their  ease  in  flaming  straw ;  alchemists  in 
pOHsessian  of  the  philosopher's  stone,  but  their  stomachs  as  empty  as  their 
bellows ;  motiks  carrying  about  fairies  siiut  up  in  glass  vials,  into  whicli 
Gradual  disat-  I'^^y  ^1^*1 1*'"^^"  ^^^coycd  by  distilled  dcw  ;  salamanders  whlcli 
peoraocii  uf  crv--  tsd  bccn  cngcndcTcd  iKL  &  fife  litaintained  without  ever  go- 
"  ^'  ing  out  for  forty  years ;  a  rain  in  Egypt  in  whicli  there  fell 

mnltitudcs  of  little  men  of  less  than  one  span^  clothed  in  black  garments. 
and  with  mitres  hkc  bishops :  these  were  all  facts  in  the  philosophy  of 
that  day.  Tho  explosions  and  cliokc-damp  of  mines  were  not  disentan- 
gled from  spectres  and  faces  of  abominable  appearance  which  had  been 
seen  in  those  subterranean  soIituJea  by  numberless  witnesses  until  the 
dawn  of  pneumatic  chemistry.  The  pahngenesis,  or  resurrection  of  rOse.s 
and  apparitions  of  flawcra,  so  acecptable  in  doctruial  theology,  continued 
to  be  received  until  cry^itallography  was  cultivated.  These  wonders  Iiave 
all  passed  away. 

The  character  whieli  marks  tliia  change  is  the  gradual  dropping  of  mys- 
tery and  the  supernatural.  The  same  career  is  followed  from  infancy  to 
maturity,  both  in  the  individual  and  in  society. 

It  is  not  necessary  to  pursue  any  farther  tiiis  historical  outline.  It 
would  bring  ua  to  events  wluch  can  scarcely  be  spoken  of  with  correct- 
ness and  impartiality,  on  account  of  their  nearness  to  our  own  times. 
Here,  therefore,  we  may  jjaiisc^  to  collect  such  inferences  and  present  such 
reflections  as  the  facta  we  have  offered  suggest. 

It  may,  then,  be  obscn'ed,  that  the  old  white  inhabitants  of  Europe 
Ph  fti&loififfll  "^'^^^  ^'^*  ^^^^  *^"^  commence  their  civiliKstion  from  their  own 
chuigflcf  En-  interior  resources,  but  were  thrown  into  that  career  by  the  ex- 
ropMns.  ample  and  aid  of  a  more  eouthem  and  darker  people,  whoae 
climate  was  more  favorable.  The  artificial  change  which  spread  by  de- 
grees over  Europe,  through  the  introduction  of  more  comfortable  modes 
of  hfc,  at  last  compensated  fur  the  natural  climate  defect,  and  the  Euro- 
pean entered  on  the  course  of  advancement,  undergoing,  as  we  have  seen 
m  the  last  chapter,  a  physical  as  well  as  a  mental  change. 
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Contemporaneous  with  the  commencement  of  this  physiological  and 
psychical  change  was  the  introduction  of  a  method  of  record  ^^^^^  ^f^^^^ 
by  writing,  which  at  once  aided,  in  the  most  marked  manner,  introdoctionof 
the  dissemination  of  this  improving  condition,  especially  hy  °*^' 
leading  to  the  consolidation  of  society  through  the  introduction  of  durable 
systems  of  law.  By  this,  the  influence  of  men  and  of  generations  was 
indefinitely  extended.  The  opinions  and  thoughts  of  those  times  have 
actually,  in  many  instances,  descended  to  us.  Elsewhere  we  hare  dwelt 
on  the  t'.-.ct  that  these  effects  in  the  progress  of  humanity  are  foreshadow- 
ed and  illustrated  in  the  course  of  individual  development.  A  high  psy- 
chical condition  demands  as  its  essential,  both  in  the  individual  and  in 
the  race,  a  mechanism  of  registry. 

From  the  preceding  imperfect  narration  we  may  moreover  gather  that 
tlie  progress  of  civilization  in  Europe  has  not  been  in  the  way  centre  of  intel- 
of  a  diffusion  ftova  a  central  point,  but  that  there  has  been  a  ^^'  "^  Europe, 
shifting  of  the  centre  of  intellect.  For  a  length  of  time  it  was  in  Greece; 
then  it  passed  to  Italy ;  in  our  times  it  is  still  more  to  the  west.  In  a 
])Iiilosophical  respect,  the  result  of  Mohammedanism  on  Europe  has  been, 
t  hrough  the  introduction  of  physical  science  by  the  Arabians,  to  coalesce 
the  centre  of  intellect  and  the  centre  of  force.  Henceforth  upon  that 
continent  physical  power  must  be  subordinate  to  intellectual. 

In  this  we  see  what  is  the  true  interpretation  of  the  influence  which 
Mohammedanism  has  exerted  on  Europe — an  influence  which,  Effect  of  Mo- 
thouch  popularly,  is  very  xmworthily  represented  as  an  oc-  hammedaniflm 

.■  ra      ■     r  /  *.    •  j^i.  .  rn  on  the  centre 

cupation  01  opam  tor  a  tew  centuries  and  the  capture  of  Oon-  of  intellect  of 
stantinoplc  In  truth,  it  was  of  a  far  higher  and  very  dif-  ^^">P^- 
ferent  order.  The  Koran  of  the  Arabians  failed  to  make  its  way  through 
Europe,  but  it  was  very  different  with  the  physical  science  of  the  Arabi- 
ans. Its  spread  was  the  true  foundation  of  modem  national  power,  for 
it  at  once  occupied  itself  with  the  development  of  material  resources  and 
the  introduction  of  useful  inventions.  The  manner  of  thought  it  engen- 
dered lies  really  at  the  basis  of  the  great  intellectual  controversy  of  our 
times.  The  translation  of  the  centre  of  intellect  from  Italy  to  the  West 
is  the  legitimate  issue  of  the  Moorish  invasion  of  Spain. 

As  regards  that  propensity  to  the  decomposition  of  every  thing  into 
its  constituent  elements  which  is  the  tendency  of  the  Euro-  Result  of  the 
pean,  though  doubtless  it  has  its  disadvantages,  we  are  not  ^^^^^l^v^g^' 
to  suppose  that  it  leads  of  necessity  to  an  intellectual  chaos,  ropean  mind. 
Those  authors  who  view  with  dismay  our  present  state,  who  represent 
us  as  though,  both  in  polity  and  religion,  we  were  crumbling  to  pieces, 
and  that  the  multiplicity  of  opinions  and  sects,  which  arc  ever  on  the 
increase,  is  the  precursor  of  a  universal  anarchy,  have  never  duly  con- 
sidered that  out  of  such  a  state  it  is  possible  in  an  instant  for  fl-'^'^ 
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principles  of  order  to  emerge,  and  this  not  by  any  process  of  compression 
or  suppression,  but  spontaneously  in  tlie  natural  course  of  events.  In 
the  outset  of  thia  brief  liistorical  description  I  have  alluded  to  the  adop- 
tion of  alphabetic  niTiting  in  Europe  as  a  isignal  illustration  of  the  mental 
peculiarity  of  the  inhabitants ;  this  may  also  serve  to  make  clear  the 
paradoxical  assertion  that  aystcms  founded  on  indefinite  subdivision 
may  suddenly  froe  theraaelvcs  from  complexity  and  become  simple  and 
perspicuOQa.  On  a  superficial  consideration  of  the  thing,  one  might  im- 
agine that  to  decompose  articulate  sounds  into  their  constituent  syllables, 
with  a  view  of  representing  those  syllables  by  symbols,  would  be  at- 
tended with  a  prodigioua  complication,  and  that  such  is  the  case  the  Chi* 
nese  have  found,  who  have  pursued  this  plan  Ln  its  details  until  it  is 
said  that  their  alphabet  contains  80,000  letters ;  but  still  more  would  it 
be  supposed  that  if  those  ayllablea  were  in  their  turn  decomposed  into 
their  constituent  parts,  the  required  elements  would  be  utterly  unman- 
ageable by  reason  of  their  number,  and  the  art  of  writing  utterly  imprac- 
ticable ;  yet  do  we  not  find,  on  the  contrary — and  it  may  be  an  inatmct- 
ive  lesson  to  ua — that  when  the  decomposition  ia  thus  pushed  to  its  ex- 
treme, instead  of  myriads  of  characters  being  required,  as  we  might  have 
plausibly  expected,  an  alphabet  of  20  or  30  letters  ia  all  we  want  ?  The 
state  of  opinion  in  Europe  is  illustrated  by  the  state  of  writing  in  China. 
In  view  of  the  facts  presented  in  thia  and  the  foregoing  chapter^  we 
may  come  to  the  general  conclusion  that  the  extremes  of  humanity,  which 
are  represented  by  a  prognathous  aspect  and  by  a  complexion  either  very 
dark  or  very  fair,  arc  equally  unfavorable  to  intellect,  which  reachcj*  its 
greatest  perfection  in  the  intermediate  phase ;  that,  even  in  the  condition 
which  was  presented  by  the  inhabitants  of  Europe  three  thousand  years 
ago,  no  advance  in  civilization  was  possible^  save  by  first  accomplishing 
rtinditiony  of  ^"  absolute  physical  change  in  their  constitution  through 
Eoit-Eii-an  iiii-  modifications  in  their  habits  of  life  equivalent  to  a  true  di- 
proiumea  .  jjjate  change — a  preparation  for  a  higher  mental  development 
by  an  amelioration  of  their  condition  of  life. 

The  civilization  of  the  European  could  never  have  been  accomplished 
pave  by  preparing  the  way  through  such  a  phyatcaJ  change.  It  followed 
that  change  in  the  manner  that  effect  follows  its  cause.  Its  incident  was 
■,he  transformation  of  the  fair  race  wliich  then  occupied  all  Europe  to  an- 
other of  a  darker  hue ;  the  extinction  of  the  disappearing  people  not  be- 
ing accomplished  by  such  means  as  an  extetminalion,  after  the  manner 
in  which  the  North  American  Indian  is  dying  out,  but  by  a  slow  and  true 
metamorphosis  into  anotlier  form- 
Advance  in  civilization  takes  place  during  such  a  metamorphoaia.  Asia, 
Suilonftry  co«-  which,  at  an  early  period,  nmst  have  exhibited  a  mental  de- 
ditionorAsiB,    velopment  of  great  rapidity,  has  long  ago  become  atationarr- 
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In  her  physical  life  there  is  no  change,  and  hence  none  in  her  intellect- 
uaL  Her  wandering  central  tribes  encamp  on  the  steppes  in  the  same 
felt  huts  that  their  ancestors  did  two  thousand  years  ago ;  her  soathem 
people  never  vary  their  customs.  That  which,  in  a  philosophical  respect, 
is  the  most  important  condition,  domestic  economy,  has  undergone  no 
kind  of  modification. 

But  with  us,  how  different !  The  hardships  of  life  have  to  a  very  great 
extent  heen  removed,  and  we  are  familiar  with  a  degree  of  comfort  to 
which  our  predecessors  were  wholly  strangers.  Not  that  we  have  been 
freed  from  all  trials ;  it  has  only  been  an  exchange  of  bodily  sufferings 
for  mental  anxieties.  Our  higher  condition  has  created  new  wants  and 
new  sources  of  pain. 

With  the  transformations  through  which,  as  a  race,  we  have  passed, 
and  with  the  assumption  of  that  analytical  mental  character  Advantagea 
to  whicii  I  have  referred,  there  has  been  gained  a  capability  arising  from  an 
of  indefinitely  modifying  our  state,  and,  therefore,  of  improv-  mental  conati- 
ing  it.  It  is  this  which  pre-eminently  distinguishes  the  Eu-  *"*''"*• 
ropean ;  that  whatever  scientific  discovery  he  makes,  or  whatever  inven- 
tion occurs  to  him,  he  forthwith  applies  it  to  economic  advantage,  and  is 
thereby  perpetually  impressing  a  change  on  his  own  state.  In  this  re- 
spect, even  a  single  generation  often  suffices  to  show  the  advances  which 
are  made.  We  have  only  to  recall  the  greatly  improved  means  of  loco- 
motion ;  the  instantaneous  transmission  of  intelligence  through  many 
thousand  miles ;  the  development  of  industrial  art,  and  the  rendering 
available  mechanical  powers  for  many  new  purposes,  which  have  been 
achieved  in  less  than  a  single  century.  Nor  does  there  seem  to  be  any 
possible  limit  to  human  advance  in  this  path. 

Since  thus  the  mind  of  the  European  is  essentially  analytic,  his  ad- 
vance in  civilization,  as  it  were  in  a  geometrical  progression,  is  the  neces- 
sary consequence  thereo£  If  we  examine  his  career  in  subordinate  par- 
ticulars, it  illustrates  equally  his  mental  physiognomy ;  it  is  the  same 
whether  we  look  to  his  passage  in  philosophy,  science,  politics,  or  religion. 
If  I  may  be  permitted  without  offense  so  to  say,  his  divergence  from  a 
single  form  of  &.ith,  the  springing  up  of  those  numberless  denominations 
and  sects  wliich  constitute  the  most  observable  feature  of  his  present  re- 
ligious state,  is  a  result  which  he  can  not  help,  for  it  is  the  consequence 
of  his  organization.  Things  which  were  possible  in  the  eighth  century 
had  become  impossible  in  the  new  state  of  the  sixteenth.  And  so,  too, 
it  is  in  his  political  relations. 

Herein  consists  the  superiority  of  the  analytical  over  the  synthetical 
mind.  To  the  work  of  him  who  pulls  to  pieces  there  is  no  end,  but  he 
who  puts  things  together  comes  to  an  end  of  his  task. 
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ABDDCENTEa,  334. 

Aberration,  chromatic  and  Bpherical,  886. 

Abrupt  and  i;radual  impressions,  483. 

Absorbed  material,  course  of,  109. 

-UsoHiTioN,  forces  of,  1 10 ;  by  blood-vessels, 
4'J,  84,  102;  nutritive,  84 ;  double  mecha- : 
nism  for,  84 ;  in  plants,  86 ;  summary  of,  i 
108;   by  lacteals,  84,  86;   by  lungs,  163;  ' 
by  general  surface,  98 ;  by  skin,  98,  241 ; 
two  kinds  of,  86 ;  interstitial,  98 ;  selecting 
power  in,  99.  ! 

Abyssinian,  S77.  I 

Acid,  hydrochloric,  use  of,  52. 

Activity  of  the  brain  depends  on  arterializa-  i 
tion,  326. 

Affinitv  for  tissues  the  cause  of  circulation,  ! 
133,' 14  7.  I 

Africa,  influence  of  Europe  and  Asia  on,  593 ; 
prospective  civilization  of,  597  ;  inhabit- 
ants of,  577. 

A(;nssiz  on  origin  of  nations,  568. 

Age,  influence  of,  61,  172  ;  old,  545. 

Agents,  external,  influence  of,  on  man,  567. 

Agony,  final,  562. 

Air,  introduction  of,  160;  expired  per  min- 
ute, 168  :  passages,  evaporation  from,  186. 

Air-cells  of  lungs,  159,  160.  ' 

Albumen,  29 ;  transformation  of,  into  fibrin,  ■ 
100;  quantity  of,  121.  j 

Albuminiise,  61,  64. 

Alcohol,  use  of,  in  supporting  heat,  20 ;  effect 
of,  182,  406.  j 

Alexander,  expedition  of,  620.  ! 

Alexandria,  library*  of,  624.  i 

Aliment,  necessity  for,  10.  ' 

AUnntois,  531.  | 

Allotropism  of  bodies,  188;  decay  depends 
on,  244. 

Alpha  and  Beta  lactic  acid,  75. 

Alphabetic  writing,  358.  | 

Alternate  consciousness,  330. 

Alternation  of  generations,  514,  537. 

Amber,  trade  in,  619.  ' 

Amelioration  of  negro,  578.  I 

^Vmcrica,  discovery  of,  632  ;  spread  of  Chris-  i 
lianity  in,  598;  Indians,  575. 

Amnion,  530. 

Amphibia,  blood  of,  121. 

Analogy  of  spinal  and  ventral  cord,  308. 

Analytical  mind  of  European,  692;  advan- 
tages of,  618,  635,  637.  I 

Animal,  capillary  circulation  of,  133  ;   heat ' 
illustrated  by  locomotive,  187 ;  makes  fat, 
247;  motion,  431. 

Animal  kingdom,  subdivisions  of,  176. 


Anterior  roots  of  spinal  cord,  296. 

Anthropomorphism,  286. 

Antrum  duodeni,  61 ;  pylori,  61. 

Ants,  habits  of,  605. 

Aplysia,  280. 

Apparitions,  402. 

Appendix  vermiformis,  63. 

Approach  of  sleep,  632. 

Aqueous  humor,  386. 

Arabs,  discoveries  of,  629 ;  inflnence  of,  629. 

Araucanians,  598. 

jVtc.  automatic,  277  ;  collated,  278  ;  influen- 
tial, 282;  commissored, 279 ;  multiple,278; 
registering,  281. 

Aristotle,  620. 

Arm,  580. 

Art,  contributions  of  Asia  to,  695. 

Arteries,  coats  of,  140 ;  contractility  of,  141  : 
structure  of,  140. 

Article  of  death,  411. 

Artificial  larj'nx,  355. 

Ascaris  acuminata,  524 ;  nigrovcnosa,524. 

Ascent  of  sap,  causes  of,  87. 

Ascherson  on  use  of  fat,  101. 

Asia,  stationary  condition  of,  636. 

Asiatic  contributions,  595. 

Astcrias,  ncr\'Ous  system  of,  279. 

Astrology,  178. 

Atmosphere,  action  of,  on  plants,  464,  482. 

Attraction,  capillary,  104. 

Auditory  Mecuanisu,  general  view  of, 
376. 

Auditory  muscles,  estimate  of  contraction  of. 
367;  ner\-e,  361. 

Auricles  of  heart,  138,  146. 

Australian,  563 ;  forests,  474. 

Automata,  insects  are,  609. 

Automatic  arc,  277,  283;  registering,  28 1  > 

Awakening,  653. 

Axmann  on  nen-es,  263. 

B. 

Bacon,  Roger,  625. 

Balance  between  heating  and  cooling,  186. 
Barbarism,  604. 
Barral  on  food  distribution,  39. 
Basilar  view  of  skull,  584. 
Beaumont  on  food,  66. 
Becquerel,  table  from,  33. 
Bee,  formation  of  fat  by,  248. 
Beef,  digestibility  of,  65. 
Bell,  discoveries  of,  259,  298,  318. 
Beneke  on  hospital  diet,  35. 
Bernard  on  digestion,  76 ;  on  fat,  71 ;  on  .sali- 
va, 196 ;  on  liver-sugar,  208. 
Bemouilli,  principle  of,  90. 
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BerzcUuB  on  lactic  acid,  TG^  on  perspiration,  ' 

210, 
BiLru,  Von,  on  bmin  fn.t,  274. 
Gldtlcr  on   albuminntcFt,  3f^;  on   section  of 

Btdtler  uiid  ^limidL  on  inlestinail  jnicc,  61> ; 
on  bile,  70  j  tabic  by,.  70. 

Bile,  strretionof,  70,110,  202;  eoTHtiosition 
of,  204;  formed  from  venous  Uood,  110, 
303;  fiiiuTcos  of,  a02;  aids  ui  iiitrodiicinK 
faif  IM  ;  spira!  coHrse  of,  201 ;  L-bnii|ie  hy 
retentioTi  of,  205  ;  tjeriwd  of  maximuni  Huvv 
of,  -05  ;  nut  fonneil  io  tbe  iivcTj  2O65  maSi- 
ner  of  rctnovnl  of,  206. 

Bipolitr  nqrvu-eell,  2(i-E,  "268. 

Bird,  i^i^stive  tmoc  of,  fli ;  respirrttion  imd 
heflt  i>f,  lui);  [jJking,  Sfja. 

&i.sb4);i  of  ClLiii]iD,  biii  flc;rti£alioD,  C32. 

B3u*k  pij^Tieiil,  3B7. 

Blaclc  SciL  trndt',  iil9. 

Blaetodemiii^  vej>ide,  524. 

Bligli  uti  Pcl^i^an!!,  r,dG. 

Blo4]i>,  1]1;  projwrties  cif,  112;  composiliott 
of,  il2i  tamJ  amount  in  bod,v,  113;  coag- 
'ElLatiuii  of,  1 113 ;  buffv  I'anl  of,  !  ]4  ;  changes 
proUiucd  in  by  rcspiranoo,  1^0,  1^6,  134; 
excretimi  of  lArbotitc  acid  from,  120,  lti7; 
cbmitJie^  'if  I'olor  of,  ll59  ;  ilciiKitv  of,  IGW ; 
falls  of,  I'JA;  |!a.sca  of,  l'J:5 ;  fuuitiou^  of 
toiiSititiietiiM,  125  ;  course  cif,  [34;  iliftribu- 
tioo  of,  144  i  i^laiidiiiar  cLun^^i;  of,  190. 

Blo(j(i<if.«]"lcren,  ill2. 

BJood-cclU,  form  of,  115;  constEtution  of, 
IIJ^I  imjdn  of,  y4,  ll.'i;  destrtM^tiuti  of, 
209;  iniTuaseof,  12^1;  Jiminiiiion  of,  12IJ: 
short  lifo  flf,  1^7  i  ehani^s  m  fornij  117; 
tiifll  wall  of,  iaEbrin,  117. 

Blood,  foltirless,  coqiuscles  of^  11 5,  120. 

Blood  cn-i4talj>,  1  m. 

Bloodletiiuy,  reduction,  of  tempeminre  Ij, 
184. 

Blood- vessels,  erigin  of,  y28. 

Binmciibacti's  uiethgdofcxamJningtUcBldill, 

Bone,  233;  i*oiircc3  of,  257;  coieposition,  254; 

growtb  of,  256. 
Bonito,  177, 
BoussiO|:iiult  on  expiration,  59 ;  od  gulQ,  73  ; 

onfaLaS,  220. 
Bovihla  ^^anteiim,  S8. 
Bowniaij  oil  kidney,  223. 
Brithmiii,  r>73<. 

Bruin,  31^.     tice  Cerebrum  and  Carebelltuu. 
Bnucoi  men,  {hI4. 
Breed,  3a ;  niie  of  butter  on,  34  ;  tnakinp  of, 

iltiLstmtcs  ttit-Cstion,  1&  ;  sets  free  alcohol, 

79. 
BreAlb,  the  firni,  143. 
Brcatbini^,  att  of,  )6B, 
Brigbl  oil  ]Faiii.-rcas.  71. 
Bront'hijil  nibcs,  ij"»9. 
BrowiK-Kequord   on    mosclc,  443 ,'    on  rigOT 

mortis,  45B  ;  on  Bpinnl  t«rd,  2yy. 
IJrudiiiim,  gardens  of,  621. 
Bnd.  ilit  nature,  4I^U. 

Buddidg,  4t;9,  535 ;  reitroduction  by,  49.5,  fi3£. 
Buffon  gn  infancy,  5^9. 


BBtfVcoat,  114 
Buminf!  leniFGa,  4G1. 
Butler,  mukLO,)^  of,  SI. 


C. 


Califoesiakb,  57fi. 

Culorilic  IivjKithesis  of  rision,  &05. 

Colorifiideoi  ilLtrcstiaii,4>3, 

Caint'bipurd,  4H1. 

Camera  obs-tura.  381. 

(.'aiii|>c!r'!t  Bni^thod  of  KxiUnitUng  sliullst  &Bi- 

CanaJiL-uIi,  2.>3. 

Ciuiait:,  ^etiiitirL'iiliLr,  ATH. 

TniM!  of  i}-Mti  Hgi>c.  ilis«}vcry  of,  34,  631. 

Cape  Ilyrax,  jitomacti  of,  59. 

Capillary  Vesuels,  3!>,  141,  160;    mOTC- 

men:  of  bloud  in,  145  ;  of  mastic,  459- 
Cnjiillurj'   iibsor]ition,  lOH;    nttrucHon,  104;, 

pro[>uiiitions  r«i!pGCtinf;,  105  :  tEioiioii,  131. 
Ca]>illiiry  cin'uljuioti,  14?;   plitinomenft   of, 

14a;  in  acardiiU' fiftu^,  144;  in  ufphj'^A, 

US;   \ocel  eJXL'JTCincut,  144- 
Carbohvil rates.  71  ;  turn  into  fnt,  31 ;  make 
I       u]i  [deficit  of  ulbumeti,  H^. 
I  CMhcinic  add  cxc:rGiLon,  104 ;  sonrce^  of,  1G4. 
I      2ri2  I  JnCrMtlntcs  oxv^jcn,  Hi.'j ;  dtH.'otn|KisiMl 
I     bv  JinJit,  4tJL 
CafL'inuii  niu;REts,  CIO. 

I  Career  of  iiiBci,  012  ;  ofgrKHnii;  form,  456. 
I  C4tmivorA  ctmsumc  ihenLtielve^,  3G ;  ^brin  of 

their  Iilgod,  i:?,i  ;  find  fat  iu  tbeir  food,  U9. 
'  Carf>,  lung  of,  t57. 
Carpenter  on  uervous  system.  2'}^  ;  on  sen- 

soniini,  3\'J\    on   aniilui^Y    bcine^li    i-pinal 

ami,  central  cords,  HOT;   on   gencrauua, 

537. 
Caseik,  ,1D,  31,  231 ;  pro-exists  in  idagts,  36 ; 

chan^^  into  librin,  3£j    diaaohea  phot^ 

pliati;  of  Umc,  3a. 
Cazitle  building,  330. 
Catuneoiu,  ^ilil. 
Cuudiite  reticles,  2G4. 
Causes  of  filcep,  nR2, 
Cells,  prituordial^  4rv8  ;  simple  and  nacle- 

ated,  4'J2,  animal,  4'J6;  cinnilAthm  in,  iS'2. 
Cells  of  blood,  11(i;  as^is  of,  12U;  nviuben 

of,  in  ditlercnt  animals,  I'Jl. 
Cells  of  kidney  removi:  uuo.\idizcd  bodies^ 

223. 
Ceila  in  lung«,  159. 
Celis,  ncno,  2^i4. 
CelJuIose.  71. 
Centre;  of  itilellcc-t,  fiafJ. 
Centres  of  nenes,  21K). 
Cciii:rif*ui]  and  cenirifiiiiftl  fibres,  2G5. 
Ccphttlic  (farigliu.  ^'71,807, 
CEttEMiLcrji,  322;  dcvftlopraent  of,  314;  ex- 

I)(;ri Ultimo  on,  ST£  ;  structure  and  funeuod 

of,  522. 
Cerebi^l  sijibl,  401. 
Cercbrn-sjtiiia]  fluid,  32fl. 
CfiBiJiiHiM,  sTnicture  of,  317;    development 

of,  314;   li^jieftd  of,  31A:   tracts  of,  318; 

t^anf^lia  a(  bnsip,  3!S;  wcif^dt  of,  3S6;  ai- 

inobpheric  pressure  on,  320. 
rbce^iij  making  of,  31. 
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Ctieselden's  case  of  cataract,  419;  oq  the  ear, 

365. 

Chest,  type  of,  161. 

Chilians,  576. 

Chimpanzee,  581. 

Chinese,  574;  writing,  686. 

Chitin  in  wings  of  insects,  71. 

Chlorine  and  hydrogen,  471. 

Cholepjirhin,  124. 

Cholera,  effect  of,  22. 

Cholesterine,  275. 

Chorda  dorealis,  528. 

Chorion,  523 ;  changes  in,  625. 

Choroid  coat,  384 ;  function  of,  S94. 

Chossot  on  inanition,  178,  248. 

Chbibtian  CacBCH,  626 ;  spread  of,  in  Amer- 
ica, 598. 

Chromatic  aberration,  386. 

Chronometer,  illustration  of  heart  hy,  140. 

Cdyle,  53 ;  absorption  of,  67 ;  causes  of  the 
flow  of,  89 ;  composition  of,  92 ;  corpuscles, 
first  appearance  of,  94 ;  action  of  water  and 
acetic  acid  on,  94. 

Chvme,  53. 

Cilia,  431. 

Ciliated  animacule,  432. 

CiBCuLATiOM,  145;  objects  of,  111,  134; 
changes  during,  126;  coarse  of,  134;  in 
plants,  132 ;  in  lower  animals,  135  ;  action 
of  heart  in,  138  ;  soands  of  heart  in,  139 ; 
nen'ous  influence  on,  140;  foetal,  531;  pla- 
cental, 527;  portal,  134;  connection  of 
parts  by,  112;  dependence  of,  on  respira- 
tion, 133. 

Civil  law,  628. 

Civilization,  efiect  of  climate  on,  599 ;  com- 
pared with  barbarism,  C04. 

Classification  of  natural  histoiy,  G06  ;  of 
skullH,  586. 

Climates,  botanical,  481. 

Clock,  illustration  from,  485. 

Coagulation  of  blood,  113. 

Cochlea,  364,  S68 ;  comparative  anatomy  of, 
873. 

C<£liac  axin,  ramifications  of,  49. 

Coinage,  introduction  of,  620. 

Cold-blooded  animals,  172, 176. 

Coleridge  on  dreams,  556. 

Colladon  on  diving-bell,  866. 

Color,  origin  of,  589. 

Colored  rays,  eflcct  of,  461. 

Colostrum,  225. 

Combustion,  artificial,  17;  organic,  17, 16. 

Commerce,  origin  of  European,  619. 

Comminution  instruments,  40. 

Commissures,  function  of  nen^ous,  280. 

Comparative  history,  612. 

Compartments  of  ruminant's  stomach,  GO. 

Complcmcntol  air,  165. 

Complexion  of  man,  571,  572.  | 

Conception,  630.  i 

Condensing  action  of  membranes,  156.  i 

Condition  of  dreams,  558.  < 

Condorcet  on  dreams,  556. 

Conductibility  in  nen'Cs,  265. 

Conferva,  495. 

Congolotion,  iierpetnal,  478. 

s 


Conjugation,  modification  of,  515. 
Consonants,  856 ;  explosive  and  continooos, 

367. 
Constant  temperature,  problem  of,  176. 
Constituents  of  plants,  sources  of,  468;  oftbe 

blood,  functions  of,  126. 
Contarini.  Cardinal,  on  circumnarigation,  625. 
Contractile  fibre-cells,  436. 
CoMTSACTiLiTT  of  muscle,  442,  449 ;  natarc 

of,  442. 
Contraction,  hypothesis  of,  451 ;  by  water, 

451 ;  by  touch,  462 ;  after  death,  444. 
Control  of  heat  by  nerves,  186. 
Converging  media,  881. 
Cooling  agencies,  184. 
Cord,  spinal,  294 ;  conduction  l^,  299. 
Cornea,  884. 
Corpuscles,  of  milk,  225 ;    of  fat,  246 ;    of 

blood,  116;  origin  of,  101, 116;  colorless, 

98, 116;  of  chyle,  93, 143;  proportion  of, 

125. 
Cotykdons,  526. 
Couch  on  metamorphosis,  510. 
Course  of  the  bile,  202. 
Crab,  edible,  510. 
Cranial  ner\-es,  333. 
Creatine,  447. 

Crence,  passage  of  water  through,  106. 
Crime,  tendency  to,  543. 
Crises,  change  by,  148,  484. 
Cms  cerebri,  314 ;  cerebelli,  314. 
Crusades,  630. 
Crvstallinc  lens,  386. 
Cn-stals  of  blood,  119. 
Cutaneous  absorption,  98. 
Cuvier  on  organisms,  466. 
Cycles  of  pn^pvss,  512. 

D. 

Daltoit  on  corpus  luteom,  622 ;  on  diffusion, 
162. 

Daubenton  on  skull,  580. 

Davy  on  animal  heat,  178;  on  meconium, 
203;  on  protoxide  of  nitrogen,  412. 

Deafness  in  diving-bell,  366 ;  partial,  of  infe- 
rior animals,  377. 

Death,  560 ;  from  accident  and  old  age,  561. 

Decay,  243. 

Deception,  404  ;  of  touch,  421. 

Deleau  on  the  voice,  356. 

Descartes  on  insects,  609. 

Descent  of  sap,  causes  of,  87, 182. 

Despretz  on  animal  heat,  182. 

Deutencephalon,  292. 

Development,  505 ;  of  the  ear,  378;  of  the 
eye,  380  ;  of  muscle,  440  ;  geometrical 
modes,  447 ;  of  bird,  35  ;  of  heart,  135. 

Diaphragm  movements,  161. 

Diostose  salivaire,  46. 

Diet,  84. 

Differences  in  men,  663. 

Differentiation,  500 ;  cfuises  of,  602 ;  in- 
fiuence  of  heat  on,  603  ;  epochs  of,  504 ; 
defined,  511. 

DoTfUioN  of  gases,  152 ;  force  of,  153,  166,- 
general  facts  of,  166 ;  effect  of,  1G2. 

H 


642 


INDEX. 


DiAusiciTi  of  influence  in  granular  nerre  mft> 
terial,  26a. 

DiOEBTioN,  nuturoof,  10,40,53,  (13;  object  of, 
Gl,6*jj  hiHtoRcnetU',  63  ;  calorifacicnt,  63j 
18  Diecbanica]  and  clicniic^l,  ST  ;  double, 
46;  procesae!)  uf,  ba  ituutlivation,  40,  40; 
deglutition,  46^  padBajze  into  duodenum, 
&2,  67 ;  |jat>.^^e  oloTig  intestine,  G7. 

Dige^cioQ,  ai::lficLal,  fi'2, 54. 

Di)^c5Cion  of  gucn,  71 ;  oT  celluloaa,  71  p  of 
stare)],  T^  ;  of  sngar,  7'2  ;  at  fat,  76  ;  IQtea- 
tinal  and  stomach,  contrasted,  SL. 

Digestive  tract,  divisiuns  of,  48^  of  ioBect, 
5@;  of  various  enimiUs,&9;  juit'eB,  their  or- 
giuiic  ingredient,  77  ;  power  itljuf&d  by  aal- 
ivffl,  SO. 

Dehc^  of  miuculAr  feiAciculi,  436 ;  of  blcxkd, 
see  Cells, 

Discus  iproligents,  520. 

Distributioo,  verticjU,  of  plants,  473  f  of  beat, 
4T3. 

DiumoJ  amount  of  air  used,  1G6.  * 

Diiimal  vEiTiarions  of  beat,  178. 

I>aime  on  guliva,  44. 

D'Orbigny  on  Inca  Indians,  487. 

Donnouso,  storanc!)  of,  59. 

Donal  cord,  293  ;  laminn,  527. 

Double  Crains  pf  iboupht,  329i 

DoublencsM  of  braio,  327. 

Dowler's  exuerimeDts,  444. 

Draper,  J.  C.,  ou  reapirsiiion,  1GB,  239 ;  od 
urea,  220. 

DreajniDg,  55S. 

DrowTiing,  fcstomticm  from,  133. 

Drum  of  ear,  3G4. 

DtiiJity  of  miud,  329. 

Duct,  thoracic,  90. 

Ductlc^is  Inlands,  211. 

DuctH,  dotted,  40B. 

Diifay,  laiv  of,  104. 

Dtfgopg,  hg4irt  of,  136. 

Dulong  on  auLmiil  bea£,  162. 

Dutniii)  on  flit,  y4S. 

Diitrochct  on  endosnaosis,  100. 

Ujslj'sia,  83. 

Djtiscufl,  43S. 

£LR,etnKhirGof,  37G;  external,  3GD ;  Jiction 

pf,  359 ;  aoditory  nerve  of,  3iJ8  ;  labyrinth 

of,  37.> ;  C}Tnpanuni  of,  3135, 
Education,  effect  of,  :{3I>,  543. 
Edwards,  ftlilnc,  oucruHtoceaut;,  483;  on  fat, 

248. 
B^g,  derelopmenc  of  bird  from,  S5. 
Eij-pt,  613,014. 
Blai^ticitv,  hca.t  of,  IS5, 
ElectiveliltratioTi,  IBC. 
Electripal  tost^^,  430;   currenta  in  muf^cles, 

443  i  L-uiniiu'tors,  nervca  reaemblu,  2(»G. 
Electricity,  37Ii. 
Eleventh  ps.iT.  343. 
EliHiroflire,  833. 

Elliptical  skuia,  me. 

Einmi-K,  ">3tt ;  gcnninBl  jnembrane  of,  D25 ; 
vuitcbnd  coLumn  of,  ti32;  vascnliu'  area  ofp 


BJ?  ;  Allaatoift,  B38 ;  cirvniI«rion,  A3I ;  io- 

fluenw  of  inother,  $34;  si^e  and  wciriitoi. 

at  birth,  540,  54 1 ;  viability  of,  £.45. 
Embryonic  dBvelopintinl  of  train,  313;    of 

circuktinji  appanitu^,  .'jSl ;  forms,  507. 
Etticrjieiice  of  impmssiionfi  frona  brsin,  408. 
Emotions,  mental,  ^0. 
Empiricism,  cxtitictioa  oF,  2&. 
Endocardium,  137. 
Eadochromet  493. 
Endogenous  generation,  4%. 
EndOKmosb,   105,  Il>7j  131  ;    ihroogh    films. 

154;  through  stucco,  107;  force  of,  107 

153. 
Enteric  juice,  369. 
Kpencephnlon,  203,  528. 
E|ndeni]b,  23^;  functionB,  234. 
Epitliaiinni,  197,  234;   cylindric,  teteelaleti. 

ciliBled,  197. 
Epoi-liB  of  globe,  4S1 ;  of  life,  M7. 
EiiuilibriLum,  condition?  of,  10,  32^  560. 
Erect  virion,  396. 
Esquimaux,  568. 
Europe,  pritnitivo  state  ot,  CIS. 
Earapeon  biatoir,  610. 
Enatiicfaisn  tube',  3G7. 
Euthanoflin,  561. 
,  Evaporation,  185. 
I  Excretion,  213. 
,  Exludfllion  by  lunpa,  21,  B2. 
;  £xo!iinoi<i.s  106,  131. 
ExpccLo ration,  47. 
Exploiiivo  couBonantff,  85T. 
Extinction  of  Indinns,  600. 
Extinctions,  4S4,  4S8. 
Eye,  strucluro  of,  .1^2;  neiTfins  mechAniSin 

of,  369,  394  ;  necessary  apjiarains  of,  339, 
Eyeball.  inntinnH  of,  401. 
Eyebrow*,  399. 
Eyelids,  399. 

P. 

FjLBBicine  J>B  AqrhPEKDENTE;  on  veins,  ia(>. 

F»M»,  83. 

Fair  races,  difiupj-eBronoe  of,  6fil,  638. 

Falling,  HcnBiilion  of,  fl.S9. 

Fwciculi  of  muscle,  433,  43K;  digestion  i<f. 

Fat,  346;  oxidises  ^aduftUy,  2.'>3  ;  reloiioii 

of.  In  bile,  207;  io  nitrofrcniied  tissue,  260*. 

in  articles  of  forajie,  2'2'J  ;  einiilHfring  of 

71  i  produced  from  tarbohyiirsiies,  .HI  ;  in. 

traduction  into  viJU,  'Jl ;  saj'ODificution  of. 

HA. 
FhhuhI  g;n>n])!<,  56S. 
Feeling  and   toncbinpr,  diKtinction  between 

432. 
Female  and  male  comportidt  546. 
Fencfitm  oviiljs  nnd  rotundn,.  361. 
Ferments,  iti,  Si). 
Feudal  system,  031. 
FIBBIX,»0,93,97,  114;  loes  of,  Ed;  re^eiM' 

liJe,  33;  not  nn  ertetc  body,  99;  oir|rauij(,|. 

tioti,  113;  dirterencB  of,  in'  blood  and  nm- 

<-lt,  114  ;  variations  in  quanlitr,  122, 
Fifth  piiir  of  nerrea,  334. 
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Filtering  action  of  glands,  191. 

Filtration,  elective,  19C. 

Final  agony,  562. 

Finite  natnre  of  knowledge,  289. 

Fire-place,  exhausting  nataro  of,  181. 

First  breath,  466. 

First  pair  of  nerves,  425. 

Fishes,  digestion  of,  60 ;  circnlation  in,  185 ; 
respiration  of,  150,  157. 

Flame  and  plant,  anidogy  between,  470. 

Floral  groups,  568. 

Flour,  33. 

FfBtus,  circulation  in,  531.     See  Embryo. 

Follicles,  gastric,  49,  50;  varieties  of,  6t.    ■ 

Food,  16,  26;  sources  of,  27;  classification 
of,  27 ;  value  of,  28 ;  different  kinds  of,  27, 
28 ;  of  camivora,  36 ;  of  herbivora,  86, 87 ; 
nitrogen,  27,  35 ;  raovements  of,  53 ;  ad- 
justs temperature,  179;  demand  for,  179; 
allowance  of,  II;  digestibility  of,  36,  66 ; 
formed  by  plants  and  destroyed  by  aniioalB, 
37;  minimum  quantity  of,  38. 

Foramen  magnum,  560. 

Force  of  endosmosis,  107. 

Forgetfulness  of  dreams,  657. 

Formic  acid,  240, 

Fourcroy  on  perspiration,  240. 

Fourth  pair  of  nenes,  334. 

Fowl,  digestive  tract  of,  68. 

Franklin  on  heat,  380. 

Frerichs  on  food,  35 ;  on  saliva,  44. 

Frog,  lungs  of,  159  ;  development  of,  609. 

Front  view  of  skull,  685. 

Future  state,  561. 

O. 

Galileo,  456. 

Gall  on  brain,  259. 

Gftll-blndder,  199. 

Onlvaui,  experiments  of,  443. 

ItAN'ulia,  structure  of,  263 ;  spontaneons  func- 
tion, 289  ;  of  sympathetic,  140,  264  ;  of 
special  Kensc,  315;  cephalic,  007. 

Gases  of  intestine,  83. 

Gastric  changes  are  subdimions  and  assim- 
ilation of  water,  62. 

Gastric  juice,  49,  50  ;  quantity  of,  52  ;  acid 
of,  52, 54 ;  relation  of  nervous  influence  to, 
64. 

Gelatine,  64,  65. 

Gemmation,  634. 

Generation,  516, 616;  spermatozoa  in,  51?, 
616. 

Geographical  distribution,  567. 

Geograjjliy  of  plants,  472. 

Geological  changes,  480. 

Geometrical  mode!)  of  development,  457. 

Germ-cell,  519. 

Germinal  membrane,  525  ;  its  layers,  537  ; 
vesicle  and  spot,  521. 

Germination,  458;  heat  of,  176. 

Gestation,  633. 

Gibraltar,  StraiM  of,  620. 

Gills,  135,  150,  157. 

Gland,  189;  t\^^e  of,  189,  197;  ncarious  ac- 
tion of,  190  {  filtering  action  of,  190;  par- 


otid, 48  ;   salivary,  48  ;  sabmaxillai}',  48 ; 

sublingual,  43 ;  mesenteric,  89  ;  ductlest, 

21 1 ;  mammary,  225. 
Glandular  blood,  change  in,  190. 
Globulin,  118. 

Gloeso-pharyngeal  nerre,  888. 
Glucose,  73. 
Gluten,  38. 
Glycerine,  245. 
Goodsir  on  lymphatics,  97. 
Graafian  foIUcle,  621. 
Gradual  death,  661. 
Grafting,  469,  5S6. 
Graham  on  diffusion,  152,  154, 
Greeks,  613 ;  schools  of,  617. 
Gro\vth,  511,  536,  540;  conditloiu  of,  465. 
Guinea,  negro  of,  679. 
Gum,  digestion  of,  71. 
Gundelach  on  fat,  248. 

H. 

Habftb  of  MATiOMS,  566,  569 ;  of  insects, 
605. 

Hsmatin,  118;  analysis  of,  119. 

Hffimatococcus  binalb,  494, 

Hair,  236. 

Ilall,  discoveries  of,  269, 

Hallucination,  402. 

Harvey  on  circulation,  180. 

Hearixo,  sense  of,  359;  structare  of  oi^^ 
of,  360 ;  use  of  tympanum  in,  364 ;  audi- 
torv  ncn-e  of,  368. 

Heart,  135;  fibres  of,  137;  valves  of,  138; 
development  of,  136;  of  dugong,  136;  ac- 
tion of  nenes  on,  140;  statement  of  action 
of,  147  ;  number  of  l)cnts  of,  130. 

Heat,  17, 18, 19,20;  check  upon,  21,  22, 184; 
equilibrium  of,  22;  animal,  175,  177;  car- 
bonic acid,  relation  to,  19,  20,  176  ;  varia- 
tions, 178;  diurnal,  178;  extreme,  endura- 
ble, 178;  annual,  179;  source  of,  162;  of 
light  rays,  389 ;  removed  from  muscle,  447 ; 
quanti^  for  plants,  477  ;  intensity  and 
quantity  of,  477 ;  decline  of,  488 ;  relations 
of,  572 ;  effect  of,  on  skull,  590. 

Heaths,  absence  of,  from  America,  474, 

Height  of  man,  641. 

Helmhollz  on  nen-e,  266;  on  muscle,  445. 

Hepatic  arteiy,  200;  cells,  duct,  vein,  200, 
206. 

Herbivora,  86. 

Herculaneum,  466. 

Hereditary  transmission,  590. 

Hermaphroditism,  574. 

Hibbcrt  on  apparitions,  408. 

Hip]H>cratic  face,  661. 

Histogcnetic  digestion,  40,  63. 

History  a  branch  of  Physiology,  604 ;  Enio- 
poan,  610;  universal,  611 ;  prognostics  in, 
612;  comparative,  612, 

Homogenesis  and  heterogenesis,  511. 

Hot-blooded  animals,  176, 

Hottentots,  677. 

Hubbcnct,  table  by,  49. 

Hul»er,  556. 

Human  groups,  668. 
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Ham^liit  on  respiration,  1^8 ;  an  plRoU,  47K 

IroM  acted  on  hy  (^tiic  joice,  SO ;  Mmri-t;  of.            J 

Ilumors  of  the  eye,  afiti. 

in  lilond-rell!*,  118.                                            ^^J 

ItiJiiter  on  reHexo,  S'JIk. 

Irre^itiirable  fi^es,  action  of,  133,  169.                     ^^H 

Hiiic!hi»(iti  on  respiration,  1S6. 

Isaacs  on  kidney,  £17.                                      ^^H 

Hilicmatiiig  animsls,  11'2,  183. 

^^^^ 

llj  dra,  &l,  r>2,  -tSH,  501,  634. 

^H 

Hydraultc  action  uf  aiirii-le,  146. 

Hydmichloric  acid,  52,  02. 

JacK90!(  on  the  ear.  373.                                        ^^H 

Uydicim^ii,  use  ufj  ITv  19. 

JacobV  membrane,  SiK).                                       ^^^| 

H  j-pogltMsal  ntrf&,  3*3, 

JetlVeya  on  respiration,  l6d.                                    ^^^H 

Jeauitd,  G24.                                                               ^^H 

I. 

Junes,  Bencc,  on  urine,  2^1.                                    ^^^| 

Jones,  UandlicJd,  on  hepatic  cells,  206.               ^^H 
Joubs,  W.,  on  blooil-cells,  U7.                               ^^H 

Ideal  type  of  man,  Ij6.5. 

Iiliut,  cfitiipoKitian  of  brain  of,  27Z, 

^^H 

•          Illusions  40-- 

^H 

Iiua^o,  51 1. 

^^H 

imtnorLa]ity  of  llic  hou],41&. 
IispersoniJ  cipcrntions,  if67. 

Kaffirb,  577.                                                      ^^H 

Kaintsctiatilale,  576:                                            ^^H 

Inipiessions,  vcstigiis  of,  289. 

Kang:itToo,  Hd.                                                      ^^H 

Inifrikv ability  of  man,  15. 

Kidney,  213^  structnre  of,  &14;  Itibuli  ttfi-              \ 

JOiLnitiop,  cx].ie  rime  tits  on,  178,  248. 

iiifeH  of,  215;  circulation  in,  315j  devtrl-              d 

IncK  Indian:!,  4tJ7. 

opment  of,  ^14  ;  vicariLius  n^^tion,  HfiJ,                        ■ 

Iii>n)mljitstible  men,  G34. 

KJej^tiiLfi,  231.                                                                      1 

Iti dependence  and  iramonjiJity  of  the  &culi 
Indqtciident  action  ofeiicl]  half  of  the  brain, 

KolLike;r  on  sliin,  1'20;  on  retina,  391 ;  fipleeil.                 1 

■2\  1.                                                                                   1 

Koumiss,  80.                                                                ^^J 

B-2S. 

Xmuf^e  on  scbaceouB  secreiioD,  240.                      ^^H 

Index  pf  proliibiied  books,  624. 

Kr<Atine,  447.                                                             ^^H 

Indiana,  »75j  extinction  of,  600. 

Kune  on  bile,  203.                                                ^H 

Indiu-ruhbcr,  (li&'u!;ioii  tbrougb,  I52. 

^^H 

Individualiiy,  nature  of,  4ti8. 

^1 

Jndti-Eiirnji<.'ans,  573, 

^^H 

Infunt-y  of  nmn,  5^8. 

liABTRIKTIT,  3G1,                                                                      ^^B 

liifiorcspeui'C,  Jient  of,  17G. 

Lachnniid  ^land,  40O. 

Iiilincnce  of  a^'cnU  on  mau,  SGS,  567,  C7I ; 

Lacicul!;,84,8t;,87,i>l,in;  function  of,  ar> .              1 

nfyiiTcnl  on  cbilJ,  534. 

and  iiymjiliutiod,  couu^tlioa  of,  vfith  respi- 

lofluentiBL  arc,  2&2. 

mtion.  100,                                                               J 

iDfuMiriub,  heat  of,  177. 

Lac^lic  R<U%  47, 1^2,  73,  74,  7&.                                ^^J 

Inojite.  447. 

Lncunn:  of  iKine,  253.                                            *  ^^^| 

liiquisiiion,  cMaUiiilmiffint  of,  624. 

Lamina  siiindiin,  329.                                                ^^^| 

In^ivntioD,  40. 

Landerer  on  pentpiration,  240^                               ^^^H 

Inanity  of  n^^iino,  40G. 

Laniniage«,  357.                                                   ^^H 

Inhkct,  dig^tive  tract  of,  58-  cephalic  KOO- 

Lapiandei',  56S.                                                                ^^^| 

glia,  271  ;   ncn-ous  sj-sictn,  271  ;   ref.]nrB- 

Lan'A,  510.                                                            ^^| 

tion  of,  I.%7;  development  of,  Gil};  stme- 

Lnn'^nK,;3s3  ;  double,  of  birds,  3^2 ;  artiBcial;        ^^ 

tuTt;  nud  haiiit  of,  tJUd,  005  ;  mvniori'  aniJi 

35rj,  ^                                                             1 

tueljimoqihtttjc^  of,  &\ii. 

Lateral  inversion,  39'.                                             ^^^J 

InHtflfRtancotifiitisis  of  dreums,  ^;>tj. 

Lateral  vic^v  of  t-kuU,  5@L                                      ^^^| 

Instinct  (lititiTitEuished  from  reason,  COS. 

Law,  civil,  G^S.                                                        ^^^H 

InvubordiDniiDn  ofoue  liuiuis]iherc,  329. 

Lanrence  on  the  leg,  580.                                    ^^H 

Intellect,  niaximum  at",  fi!H  t  centre  of,  fiSfi, 

Laycock  on  cephalic  ganglia^  607.                          ^^^| 

lutunsiiy,  adjujjtment  fur  vtnialions  of,  it) 

Leg,  54SO.                                                                     ^H 

eye,  SSS. 

Legatn!n,33.                                                              ^^M 

Intensity  of  heat,  477,  572- 

LeJiniann  on    nbtwrbed  nitrogen,  39;    peji-      ^^H 

IntcrfLrencf;,  mechaiiij^m  of,  iit  car,  872;  of 

lotting  S'2;  gastric  solution,  CQ;   c;um,  72:       ^^| 

nen'oiia  iinpreasions,  209. 

arinc,  75;  quAncity  of  blood,  113;  blood       ^^| 

Inlerstitiol  deatb,  244;  movements,  151. 

cn-»tal!;,  130;  ULe,  203;  kieatine,  231.              ^H 
Leidy  on  liver,  |LI8.                                                  ^^^| 

IsTJ^STiKE^  Icntfth  of,  i'i;  nails  and  ^a&cs  of. 

82;    4li)(esticiti    iu,  03,  6B,  81  ;    contents, 

Length  of  infant,  540;  of  ijlecp,  55S.                    ^^H 

chanscs  of,  83  ;  seciiotn  of  wail  of,  B/l  f  pej-- 

L'llericier  on  chyie,  dQ.                                      ^^H 

i^tnliic  nioveinenls  of,  t!6  ;  passage  of  food 

Lieticrkuhn,  fuJlicIfis  of,  C9.                                     ^^H 

liirdiijih,  til,  HI  ;  glondd  and  uecreUoJ}  of, 

Liebi;;  on  lactLc  acid,  75;  on  Jtbriu,  98;  on      ^^H 

0;>,  71). 

blood  ga.«c»i,  I2fi.                                              ^^^| 

Inverse  prohleme,  284,  482. 

Lifc^.  rouiJilious  of,  E),  1!^.                                             ^^^H 

IsivtRHK  Vision,  40ii  use  of,  4IS. 

Li^tiC,  natnre  of,  39ii;  tikHucnce  of,  4&9.             ^^| 

In6,383, 

Tiime,  phosiihali;  uf,  3G>                                            ^^^| 
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Liqoor,  sangainis,  121 ;  amnii,  590. 

LiVKR,  209;  structure  of,  199,  200,  201 ;  de- 
velopment of,  191,  198  ;  Becrction,  203, 
205 ;  snpar,  123 ;  production  of  BOgu  and 
fat  in,  207;  destruction  of  btood-cells  in, 
309 ;  ftbsorbed  material  goes  to,  107 ;  effect 
of,  on  complexion,  588.    See  Bile. 

Localization  of  functions  ia  braia,  824 ;  of 
plants  and  animals,  482. 

Longevity,  546. 

LoHs  of  perception  of  time,  332. 

Lnxos,  structure  of,  157, 159, 160;  capillaries 
of.IGO;  capacity  of,  162;  or^^anic  fibres  of, 
163;  chemical  changes  in,  ItiS.  See  Res- 
piration. 

Luther,  Martin,  vision  of,  406. 

r.uxiin-,  effect  of,  on  akull,  588. 

Lymph,  95;  salts  of,  96;  flow  of,  99. 

Lymjihatic  glands,  94. 

LYHftiATics,  distribution  of,  97 ;  function  of, 
96,  98 ;  origin  of,  529. 

M. 

Macedonian  campaion,  620. 

Machines,  speaking,  356. 

Madagascar,  native  of,  677. 

Madder  iu  bone,  256. 

Magellan,  voyage  of,  624. 

Male  and  female,  comparison  of,  646. 

Malpighian  bodies,  215;  sac,  removal  of  li- 
quid from,  224. 

Mammary  gland,  324 ;  development  of,  225 ; 
action,  233. 

Man,  jihysical  aspect  of,  24 ;  soul  of,  25 ;  ma- 
turity of,  542. 

Mai^urine,  246. 

MarioIatT}-,  631. 

Marmots,  172. 

Ma'itication,  40. 

Matters  received,  16  ;  dismissed,  17. 

Maturity  of  man,  542. 

Meconium,  202. 

Medulla  oblongata,  304 ;  functions  of,  306. 

Melloni  on  light,  389. 

Membrana  granulosa,  520;  decidua,625,626. 

Membranes,  selecting  power  of,  107. 

Memory  of  insects,  608. 

Menstruation,  519. 

Mental  emotions,  nature  of,  290. 

Mental  hallucination,  402. 

Mental  qualities  of  different  nations,  592. 

Mental  strength,  maximum  of,  544. 

Mesencephalon,  292,  526. 

Mesenteric  glands,  structure  of,  89;  plexoses, 
360. 

Metacetonic  acid,  246. 

Metamorphosis,  490. 

Metamorphosis  of  batrachians,  509. 

Meta])hysics,  259. 

Midnight  sun,  476. 

Milk,  29,  31,  32;  casein  of,  29,  237,  231  ; 
sugar  of,  31,  227,  233 ;  butter  of,  31 ;  salts 
of,  31,  228;  lactic  acid  of,  31  ;  effect  of 
disease  of,  33 ;  composition  of,  225,  23R ; 
analysis  of,  226  -  vicarious  secretion  of,  228. 

Mind,  24. 


Miracles,  true,  624. 

Mitchell  on  diffusion,  152. 

Mohammedanism,  in^uence  of,  639 ;  ipread 
of,  in  Africa,  697. 

Moisture,  influeoce  of,  475. 

Mongols,  574. 

Monogamy,  594. 

Monotheism,  601. 

Mortality,  646. 

Motion,  triliory,  431 ;  mnscnlar,  482. 

Motor  oculi  nerve,  391. 

Motor  tract  of  brain,  319 ;  of  cord,  303. 

Mouth,  functions  of,  40. 

Mozambique,  native  of,  678. 

Mucous  membrane,  196;  layer,  527. 

Mucua,  43,  197 ;  buccal,  43. 

Mulberry  mass,  623. 

Multer  on  bile,  203 ;  on  nsion,  S91 ;  on  Toice. 
354. 

Multipolar  nene-oell,  264,  268. 

Municipal  system,  628. 

Musoe  volitantes,  404. 

Muscle  juice,  434,  437. 

McscuLAR  FIBRE,  structure  of,  488;  non-stri- 
ated, 435 ;  motion  of,  432 ;  movements,  co- 
ordination of,  838 ;  contraction  of,  436  ; 
reparation  of,  440;  blood-vessels  of,  440; 
contraction  of,  after  death,  444  ;  develop- 
ment of,  440 ;  analysis  of,  441  ;  capillaries 
of,  439 ;  effects  of  electrici^  on,  443. 

Muza,  bis  threat,  623. 

N. 

Nails,  236. 

Narwhal,  177. 

Nations,  origin  of,  668 ;  habits  of,  669 ;  prog- 
ress of,  600. 

Natural  history,  classification  of,  506. 

Negro,  579. 

Neill  on  villi,  60. 

Nerves,  division  of,  259 ;  rate  of  conduction 
in,  265;  sheath  of,  261  ;  fibres  of,  262; 
function  of  fibres,  265 ;  function  of  vesicle:*, 
267 ;  necessity  of  rest  for,  272. 

Nen'ous  agency,  magazines  of,  268 ;  trans- 
mission of,  265 ;  retention  of,  269 ;  inter- 
ference of,  269. 

Ner\'ous  arcs,  377 ;  condition  for  action,  283  j 
centres,  290. 

Nervous  system,  258  ;  controls  heat,  186 ;  de- 
velopment of,  202 ;  metamorphosis  of,  608 ; 
structure  and  functions  of,  293. 

Nervous  vesicular  matter,  260;  ganglia,  263; 
activity,  267 ;  tissue,  composition  of,  273 ; 
regeneration,  274. 

Newport  on  insects,  309. 

Newton,  colored  rings  of,  105. 

Nicolai  on  apparitions,  406. 

Nightmare,  559. 

Night  sleep,  554. 

Ninth  pair  of  nen'es,  338. 

Nitrogen,  use  of,  16 ;  in  respiration,  171 ;  prot- 
oxide of,  412. 

Nodal  lines,  371. 

Non-striated  fibre,  436. 

Nose,  434. 
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itnclealeil  cells^  circnlation  in,  131.                   i  I'umlid  RlaTid,  4S.                                                   ^^^H 

NuL'leine,  1 17.                                                  '  I'anurition,  533.                                                  ^^W 

Nucleiw,  4U3.                                                      I'ar  vjigBm,  340 ;  ioflnance  of,  on  liter,  JW.           1 

fliriJtiTiuii,  [^4^,  SfiS;  c^onni^ccion  itith  Tn^n*.    I'mo^niaiis,  fK^.                                               ^^^B 

oufi  ia^t;ii(  V,  ma,  244  :  ei^lectLii)^  (lOnt;!'  in,    Patella,  nervous  system  of,  279.                          ^^^| 

2iH;  (lireo  c;pe«  of,  5i3&;  ofcanuvomutl^    I'mhetiDi,  H34.                                                         ^^H 

herbivora,  S8. 

Haiino,  lul.                                                        ^^^1 

Pclikpnii  t\7ie,  579.                                            ^^^| 

0, 

rcpoin,  at,  54,  TiQ.                                                  ^^H 

i'eptoiic^.  50. 59,  CZ.                                               ^H 

Objectite  OFKbiTtOHS,  S87- 

Pcrfcpiion  of  time.,  ioso  of,  333.                         ^^H 

OL-el]i.3JS0. 

I'eiicariiiiiin,  137.                                                         ^^^H 

Ot'topus,  ncrvcidji  Hysiem  of,  279. 

I'liristaltic  movcmontft,  53.                                  ^^H 

4Ji?ulfi,r  spectra,  3E^C- 

Peroxalate  of  iron  decom posed  by  Uglily  4G1.           1 

Oculo-motor  neire,  333. 

I'oraecntiotif  result  ul',  024.                                      J 

Odoiu,  seofiibility   ta,  424  ;   localizutiaa  of, 

Persiun  empire,  tilti.                                              ^^^B 

426. 

Pers]ji ration,  238.                                               ^^^f 

Odyssey,  6l3. 

PursiiusiollB,  544.                                                    ^^^H 

Oil,  emuliiirpDgof,  71;  globules  on  villus,  SS^. 

Puntvi^n,  57G.                                                   ^^^| 

Old  ago,  &4u. 

L'i-->'t^r'a  kidjci,  70,  94.                                               ^^^f 

01en};iDuu3  phnciples  of  food,  3C,  81 . 

1'lmnta.^nii!,  IfK'aLizncioD  of,  415.                           ^^^| 

Olcine,  24  S. 

rtiili]ipiiie  nc^ru,  lili*.                                           ^^^^ 

OlfiictoiT  urj^nn,  incrbaniGm  of,  Hi. 
Olivary  Iwtlies,  304,  HI4. 

Ptiilos<t|>l]cr'»  istniio,  (J33.                                       ^^^| 

I'hilusopbT,  liUj^irtut^ion  of,  634.                              ^^^H 

Ompbaln-niescnienc  duct,530;  ve»scl5,S3I.    I'Lia-tiLtrLims,  CHi.                                                ^^H 

OpcraiioDii,  {ilnuis  are,  470. 

I'hufijilmrus,  17,  23,  27,  32,  275,                            ^^M 

0[iium,  Gflects  uf,  iOtJ, 

I'tlotoKriipbie  cffecla  uf  tecipqirBtiiirp,  303.            ^^^B 

Ofiic  iiene,  301. 

I'itrenic  nerve,  ;144.                                                    1 

Orang,  68L 

I'fir^nologj,  324.                                                               I 

Oroamc  roBH,  career  of,  4'jG. 

PiiYBioLoov,  BubdivifiiunB  of,  26 ;  sutical,  I> ;            1 

Orgftiiic  life,  nen*  vf,  344. 

tlyunmicnl,.  45fi.                                                           J 

Ori^Qic  pcriudicitieii  connected  with  boat,    Vilea  of  IHuqt,  277.                                           ^^^M 

170.                                                                      I'ine,  kdoiIv  libt«  of,  498.                                     ^^H 

Oi^nnisms,  metamorpho&is  of,  489.                    I'lufcnta,  .i2l>.                                                      ^^^ 

OrgiiTiiuitiuij,  jiriiu'iplu  uf,  4'ij.                            I'lasts,  iiidivi duality  of,  -tfiS ;   qnantitr   of             1 

OrpuiiLzuii  bddics,  ailotropiim  of,  188.             ^     Imat  fyr,  4(;7  ;  secular  cbaugea  of,  480'j  In-            " 

OfguTis  of  j^cnse,  SS9.                                           1      calij^atiun,  4t*2. 

Oriirin  of  niiLious,  5li8.                                       l'lm>mn,  121. 

OmJtboryncbna,  224.                                             flastiir  fniwer,  4~>%  471. 

Ossidua.  'HiJ, 

PncunjygnsiriL-  ucnc,  340. 

OssilicatioiJ,  2a&. 

I'nlyi^aitiVr  o!>4.                                                        ^^^m 

CisturleiD  on  villi,  66.                                                  ['ulvix;.  131.                                                                      ^^H 

Ostricb,  uloiTiflch  of,  :>&.                                     ['olVthiiiFiD,  C01.                                                ^^H 

Uvul  ^kllll,  S8<i.                                                             ('am[}cii,  4'ISr>.                                                                 ^^H 

Uviihuiii,  origin  of  ova  in,  520^  corpus  late-   L'ons  varulij,  307.                                               ^^H 

ma  uf,  5'2'J.                                                         I'urcuijinc,  59.                                                         ^^^H 
Ovietic,  520.                                                       L'or^K^ise,  stotiiacb  of,  ^9.                                    ^^^H 

Uv(TM,  521  ;   disehnrge  of  from  ovftir.  523;    Portal  drcylatlon,  UI>,  134,  SOI,  202.                  ^^M 

chanK^  i>f,  524 ;  stijimeniation  of,  'r>24.         I'arCs  of  Ii)>^]>t,  otienin^  of,  lilti,                         ^^H 

Owen  on  tbe  arm,  3^0  ;  uti  skull,  532,  584.        Pwstcrior  rgots  of  spinal  ri;ivi;>i,  29G.                       ^^^ 

Oxalic  acid  in  urine,  22'^.                                 Fauis^siuni,  iotlide  of,  exjierLmetiCii  with,  4'*            1 

OxrriES.UKcaof,  47,  II>1,  134  ;  in  re<^]iiriLtion,         52.                                                                                   ^^J 

184,  lH'i,  I8J;  iiiHuenL-e  of,  on  tiJood,  llJCi;    Powder  of  projection,  633.                                  ^^H 

chati^eih  ulbuuitin  into  libnn,  101,  ITfi  ;  lib' 

Vra-c\iii.tcTn:c,  RenlinienC  of,  331.                          I^^H 

eratod  by  ^laat»,  iHl. 

Prevosc  nnd  iJuuiaa  on  niUM.'le,  43U.                           ¥ 

Prichurd  on   habits  of  meo,  5{>9;  on.  dtollf             J 

F. 

560. 585.                                                               ^^ 

Pric&tlcy  uTi  gofigou^  eudo&mufiia,  1S\.                ^^H 

PiClStAK  UODlEa,  420. 

Primitive  tmte,  203,  527.                                   ^^M 

Fafianitm,  fall  af,  G22. 

rrimordiiil  cell,  456.                                           ^^M 

Paine,  hmfessor,  on  pIftisU,  478. 

Principle  ufarganizaCion,  457.                              ^^H 

Pale  ])eople,iiL!(nppeBraDceof,iDEnrope,  634. 

friTiting,  Ji'iS.                                                           ^^H 

FalingenesiH,  6^4. 

Prognnthous  skull,  564).                                       ^^H 

Pancreas,  6b  ;  Juico  uf,  66. 

I'Foicin  bodies  retHovcd  by  aritie,  220,  229.       ^^H 

PamheiHm,  2Hti. 

ProvcTicnl  on  re)<piniciun,  155.                            ^^H 

Papal  Kovemmoxit,  G23. 

P^BinmetLchui^,  Iil5.                                           ^^^M 

Pa^iillu^  uf  skin,  4  111' ;  of  lon,|(ue,  4.36. 

1 

Psyehi'cul  puivcrs,  327.                                      ^^^| 
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Ptolemies,  621. 

Ftvalino,  45. 

Pulsation  of  heart,  188 ;  of  arteries,  HI. 

Pnlsc,  139. 

Pupa,  511. 

Prramidal  skull,  586. 

I^ramids,  anterior  and  posterior,  304. 

QUAIH  ON  ADIPOCIBE,  247. 

Quality  of  sounds,  estimation  of,  876. 
Quantity  of  heat,  477. 
Quetele't,  rcHcarcheu  of,  l.'i,  540. 
Quick  respiration,  effect  of,  168. 
Quincey,  De,  on  opiam,  407. 

R. 

Radul  fibre  system,  390. 

Radiation  of  heat,  185. 

Ramlike  action  of  heart,  147. 

Rarefied  air.  effect  of,  188. 

Ray  on  insect  habits,  600. 

Reaumur  on  digestion,  55. 

Reduction  of  tem])crature,  164. 

Reflex  action,  28U ;  of  insects,  609. 

Reformation,  619,  t>25. 

Refristered  impressiotiH,  414. 

Re^steriuff  (ganglia,  '2r>'J ;  nerve  arc,  281, 282. 

Registry  of  sounds,  358. 

Rcgnault  and  Itciset  on  respiration,  170. 

Repair,  necessity  of,  244. 

Reparation,  23, 

Reprodcctios  of  cells,  494;  and  develop- 
ment, 505  ;  closoH  development,  613. 

Reptile  respiration,  168. 

Residual  air,  165. 

Respiration,  151,  156,  157,  170,  171,  174; 
water  removed  by,  168;  ga^es  of,  1G3, 167, 
171,  176;  movements  in,  162;  movements 
of  air  in,  163;  number  of  movements,  162  ; 
influence  of  nervous  agents  on,  173;  gen- 
eral statement  of,  174. 

Respiratory  digestion,  63. 

Restiform  bodies,  :K4. 

Resurrection  of  roses,  634. 

Retina,  390, 392, 894 ;  Btructure  of,  885, 890; 
disturbance  of,  405. 

Retziiis  on  stomach,  61. 

Reynoso  on  sugar,  208. 

Rhakotis,  621. 

Rhythmic  contractions,  448. 

Rigor  mortis,  462. 

Roman  coins,  151. 

Roman  empire,  622. 

Rotation  of  animals,  324. 

Rudimentary  organs,  491, 

Rudimentary  sounds,  325. 

Rumford  on  clothing,  180. 

Ruminant,  stomach  of,  59. 

Rtmning,  454. 

8. 

Sabbath  dat,  627. 
Sahara,  Desert  of,  475. 


Saladin,  631. 

Saliva,  43 ;  action  of,  48 ;  qoantity  of,  44, 
47 ;  specific  gravity  of,  44 ;  composition  of 
45 ;  action  of,  in  stomach,  46, 50 ;  aeration 
by,  47. 

Salivary  glands,  48. 

Salps,  537. 

Salt,  use  of,  62. 

Samoiedea,  668. 

Sonkey  on  brain,  326. 

Sap,  ascending,  87, 132. 

Sarcolemma,  433,  438. 

Scalffi  of  car,  368. 

Schcrer  on  urine,  221. 

Schlossberger  on  brain,  274. 

Schmidt  on  albuminates,  39 ;  on  blood-cella, 
1 19 ;  on  pnenmogastric,  64 ;  on  pepsin,  55 ; 
on  pancreatic  juice,  68 ;  on  iutestioal  wa- 
ter, 83 ;  on  transudation,  95. 

Schneiderian  membrane,  424. 

Schulu  on  muscle  juice,  434. 

Schwann  on  nerves,  261. 

Science,  contributions  of  Asia  to,  596. 

Sclerotic,  384. 

I  Scot,  Reginald,  on  spirits,  407. 
I  Scott,  Walter,  on  lying,  404. 
;  Sebaceous  glands,  227. 
!  Secreted  matters  pre-exist  in  blood,  192,  195. 
j  Secretion,  189  ;  structures  for,  193 ;  by  serotu 
membranes,  193 ;  by  mucous,  196. 

Seeing.    See  Vision. 
I  Seguin  on  exhalation,  238. 
1  Selecting  power,  99. 
I  Semicircular  canals,  361,  864,  374, 
]  Sensation  of  fulling,  569. 

Senses,  359, 

Sensorium,  281,319. 

Sensory  tract  of  cord,  303, 320;  of  brain,  820; 
ganglia,  282. 

Sentiment  of  ])rc-existence,  331. 

Serol's  fluids,  193. 

Serous  layer,  627. 

Serous  membrane,  198. 

Serpents,  legs  of,  491 . 

Serum,  salts  of,  96. 

Seventh  pair,  SS7. 

Sexes,  mortality  of,  645. 

Shelter,  iin|)crfcction8  of,  181. 

Sight,  cerebral,  401.  . 

Silk-wiirm,  489. 

Silver  Imlls  in  digestion,  65. 

Singing,  355. 

Single  vision,  395. 

Sisocles,  682. 

Sixth  pair,  334. 

Skeleton,  253,  580. 

Skin,  233;  absorption  by,  241 ;  transpiration 
from,  18.5,  237;  glands  of,  236;  exudation 
of,  185,  239. 

Skclls,  examination  of,  581  ;  fumis  of,  582; 
classification  of,  586 ;  edect  of  heut  on, 
590. 

Slack  on  circulation  in  cells,  132. 

Sleep,  551. 

Slow  respiration,  168. 

Smell,  423  ;  condition  of,  426. 

Soap-bubble,  diffusion  through,  168. 


G4S                                              isDn^. 

Social  mccliBnicSi  (i02. 

Sulphur,  17,  28,  27. 

SocLciy  of  inw^-ts,  KtU. 

Snn!i];3)r,453,-  cutiKumpdoa  of,  459;  uae^aC, 

Sociolopv,  C4irii|>amiive,  rt02. 

4l(li ;  viiriuitiuTi  of,  483. 

Sodium,  cUluriJe  of,  C2  ;  tiec  of,  77. 

Kiip]ikiDCi)iiiil  nir,  ll!5. 

Socniin«rihK  on  k-g,  TiW)  i  njHit  of,  Sftj,  397, 

.Siiprn-n.-niil  rn]isidt!s,  214. 

Soil,  influence  of,  iTti. 

Swiminitig  bUiddLT.  \'M. 

Solar  jilcxuB,  HSO. 

STMi'ATtitTlc  HYS'TtM,  344  :  }«tiiliAi*  fitmf 

SiLtmnnnilMilbin,  55 T. 

of,  '2Q'2  -,  orij^iii  of,  34.^ ;  f^^imrnicif  il  with 

Song  and  speech,  dasliTicrions  of,  flSS. 

sjiinal,  345  ;  ganctin  of,  341!. 

Soui-,  i^xitiienL'Q  of,  '2^3  ;   independenice  of. 

SymputEiy  depends  on  circulation,  112. 

a(*5,Mi^. 

Syi]|lie(ii-ul  minil  of  Aaialii-,  51t2. 

SopMJ,  i>eciiliflrit]cs  of,  3(i]  ;  Bnnl'Ugf  of,  lo 

SyHUHiin,  438. 

light,  37[l;  iirtifuhiCo,  533. 

Syaiemiv  ciixukliou,  134. 

S]jui[i,  t'oLoninl  eriiiijrc  uf,  B32. 

S])nUBiuani  on  food,  IS5. 

T. 

Sjicakiug  inuirlLJueti,  ilufi. 

SjicL-ies  of  pknis,  47^;  changes  in,  480,  434. 

TADroLE,  txpfirimcnU  Tritli,4^. 

S|K.'ech,  53!). 

Tidtsin^  birdti-,  352, 

Sj>cniiuiic  fluid,  5t7. 

Tasic,  4:i7  ;  ncnes  of,  429. 

SjJcnnHtoiuu,  517;  develapmeut  tif,  518. 

Taurint",  204,  ^08. 

K|*itii-Cfll,  Fdti. 

Teclli,  4U  :  dcvclupnictit  of,  539. 

Sjilmrical  fibemieifjii,38i'i. 

Tt;]co!(>i^,  415. 

t>|>liiiix  lii;ii£tri,  ->TU,  aU8, 313,  tiOl. 

TKui>KRATrnB,  eflV^M  of,  on  body,  177     on 

!S|iinal  njtis,  :i'l'l. 

^kull.flUO;  uxtTvintjs,  178. 

SriSALt'uRiJ,2'J4. 201(4  reflex  action  of,  300; 

Tt-ndoiic,  430. 

canipuriilivc  uualoitiy  of,  3tH)-,  clivit'ions  nF, 

Tensor  lytnginni,  3fi5, 

2UI}:  c-i^nueaioiii  of,  iviiU  bruiu,  30:^;  func- 

Tentb  i>air  of  nencs',  340. 

riems  of,  'MX 

Tfs!in.  filfi;  scLTtrlma  of,  517. 

Spinal  inne^,  ruow  of,  303. 

Thackrah  oil  L'Heft  of  want,  587. 

S[iirn<^^l<!  of  intact,  157,  3fi:2. 

Tlictnard  On  jH-^ntpinltiun,  240. 

S|jir8l  vtwsels,  I'M. 

Third  puir  of  iienuj^,  33&. 

S|>trit,  '2i. 

Thomdu  duct.yO. 

Sjiiixjsircpt'w,  30], 

Tickling,  4L'2. 

SpihKimile  of  blood,  IGO^  190. 

Ti(EaI  nir,  IG5. 

Sl>i[lins,  habit  of,  47. 

Time,  intioduction  of,  irio  ncn'ous  mechai^ 

^Ill^Mi^^y[^ 

iiism,  •Aii'.},  l'S7. 

S|HJii}iinlc.s  87,  ^fifi. 

Tin.  irnilc  iti',  GVX 

S|«nunemiM  Kctotnaiirm,  ^3fi. 

TlBBUK.Lclluiar,  407;  ranrifnnn,  4H7;   filiru- 

Stuso  in  iuinxliK^iioi)  lif  nir,  i*i(). 

ctitlular.  t!>7;  vos^Mikr,  41IM:  yellow  ^kiruas.             ' 

StandAirdit,  Hx&d  pLyAiolo^iail,  13;  tables  oL 

49[);  white  lit)rous,4!t;>^  urt^ulur,  4Ut>. 

J5. 

Tongue.  4yB. 

Stnndtng,  4S3. 

TorcH,  structure  of  Dfi;ati  of,  4 17,  418;  actite- 

Stcijiedi  LIS,  HG^t 

ness  of,  420  ;  in  nniiutdB,  421 ;  connected 

Slanb,  71. 

wlcli  viiiion,  41!>, 

SlurvntLDD,  183. 

Tounicfort  on  plants,  473.                                      ^^ 

Hicarine,  2AG. 

Toynbec  on  ear.  3(i5.                                         ^^^| 

SteOD^Intp  on  ^nemtion,  5S7. 

IV&cu  of  spinal  cord,  301);  Qrhnitn,3lB.           ^^H 

Sieiio,  duct  of,  43. 

Tradeacantia  VErgiiiioi,  circulation  in,  132.              V 

StL-n?oscn|ic,  US)?, 

TnidilioMs,  5Ij7.                                                                1 

Still  Jnytr.  143. 

Trams  of  iliotipht,  329.                                                    1 

SToMAi'it,  41,  42;  ty|»s  of,4?;  tompcrnhire 

Tmnsvurse  lmnsmiKi.ion  in  spinal  cord,  2&8»               1 

of,  4fl;  regions  of,  CJO;  hiiiCD^cTieiic  di^t:s- 

Tr^iuhlcY  on  hydrn,  50L                                    ^^J 

lioii  of,  1j3;  blcKid-vcssclM  of,  ltl'2;  iikifoos 

Trif^eniini,  HSi.                                                       ^^^m 

siirfutc  of,  50, 58  ;  follit'lc^  uf,  50;  liyiJruiil 

Triirpkin clinic  nen'c,  344.                                   ^^^b 

nnlilCfi  of,  .'<1  j   irituniiii)]!   tiv,  55  ^  eucra- 

Turner  on  smell,  427.                                         ^^H 

lion*  of,  4*1;  lariou*  furnw  uf,  511 ;  move- 

Tnclfih  pnir,  34».                                              ^H 

mcntti  of,  52. 

Twine,  i^iiniliirity  of,  500.                                   ^^H 

S«ove,  wanninK  by,  ISI- 

Tympanum,  3tiil>,  3Ci5,                                            ^^^| 

Streckor  on  liila,  '2fH. 

Type,  ideaL  of  man,  6CI5, 611.                            ^^H 

Sti  inled  miiscMliir  riliru,  +33,  43fi. 

^H 

StJii'Co,  cniioRinosiii  lhroii);U,  107,  152. 

^1 

SulMlivJNiont!  iiilluenced  hy  hcnt.  70. 

^1 

Sulfjtictive  o[)C  ratio  LI  H,  1*87  ;  imaged,  338. 

Vfnroi.m  febtk-cellb,  3fi3, 2G8.                    ^^^| 

SnbmaxiDftry  salii-n,  43, 

Universal  historv,  liU,                                           ^^^| 

Suciton,  act  of.  '2'2&. 

Urea,  447.                                                           ^H 

Suctoripiiroir^  ^limds,  237,  23S> 

Uhine,  21R;  cumpOBition  of,  219;  nrcfl  COI^     ^^^| 

SulphucyiLDicle  of  pottuiiiim,  48. 

taincd  in  it,  £'20',  bippuric  acid  iti.  '2'2'2  i     ^^H 
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variability  of,  219;  nnlphates  in,  220;  in- 
Hnence  of  diet  on,  220;  saline  matter  of, 
220. 

Uterine  nntrition,  525 ;  tubes,  525. 

Utricle,  416. 

V. 

Vachtm,  tendency  to  a,  in  respiration,  165. 

Valentin  on  diffusion,  163;  on  perspiration, 
229 ;  on  food,  39. 

Valves  of  the  heart,  138 ;  sounds  of,  139. 

Valvula;  conniventefi,  67. 

Variable  results  from  invariable  caoses,  270, 
281. 

Variations  of  heat,  179;  effect  of,  on  man, 
180;  of  species  of  plants,  479. 

Vascular  area,  628  ;  lamina,  528  ;  syatem, 
ori^fin  of,  528. 

Vegetable  cells,  circulation  in,  132,  466. 

Veins,  absorption  bv,  84,  143. 

Ventral  cord,  300,  307,  609. 

Ventricles,  138;  force  of,  139. 

Vcnturi,  principle  of,  90. 

Vermiform  appendix,  63. 

Vemois,  table  from,  63. 

Vertebra,  528. 

Vertebral  canal,  294. 

Vertebrata,  294. 

Vertical  view  of  skull,  682, 

Vebicl'lar  matter,  composition  of,  274 ;  re- 
lations of,  315, 

Vestibule,  374. 

Vestij^es  of  nervous  impressions,  269,  288, 

Vibration  of  sound,  time  measured  by,  372. 

Vicarious  action,  47,  190. 

Vierordt,  164. 

Villi,  84,  eu,  87, 110;  cells  of,  88;  action  of, 

no. 

Virchow  on  adipocire,  247. 

Vision,  379;  comparative  anatomy  of,  380j 

single  and  double,  39.^;  inverse,  401. 
Visions,  404  ;  conditions  of,  410. 
Visual  hallucinations,  403. 
Vital  principle,  24,  25,  55, 108,  466. 
Vital  spark,  460. 
Vitreous  humor,  385. 
Vocal  soimds,  352,  354. 
Voice,  351  ;  artificial  larynx,  355;  pitch  of, 

356. 


Volkmann  on  muscular  contraction,  276. 

Volume  of  contracting  muscle,  450. 

Volvox  globator,  511. 

Von  Bar,  law  of,  514. 

Von  Becker  on  carbohydrates,  39 ;  on  sugar, 

73. 
Vowels,  356. 

W. 

Walktoo,  453. 

Wallace  on  eye,  385. 

Want,  etfoct  of,  687. 

Warmth,  artificial,  181;   increased  quantity 

required  in  sleep,  554. 
Wasmann  on  jiepsin,  65. 
Wasp,  habits  of,  606. 
Waste  of  tissue,  12, 23,  52. 
Water,  use  of,  16,  21,  22;  solvent  ]iowcr  of, 

21  ;    use  in  milk,  29  ;   absorption  of,  52  ; 

quantitv  exhaled,  168;   cooliug  efi'ect  of, 

185;  of  blood,  121. 
Wave  in  blood,  141. 
Weaninn  of  plauts,  465. 
Weber  on  pelvis,  587  ;  on  qnantity  of  blonil, 

113  ;  on  standing,  4.'>3. 
Weight  of  man,  13,  14,641;  of  infants,  H. 
Whale,  491. 
Whealstone,  397, 
Wbis]»ering,  3."»0. 
White  on  ami.  680. 
Wigan  on  duality  of  mind,  329,  331. 
Willow,  469. 
Wilson  on  heart,  136. 
Wiiie-makinp,  "8. 
Wolffinn  Iwdies,  1. ''.0,633. 
Women  in  Asia  and  Europe,  693. 
Words,  origin  of,  356, 
Worship,  public,  influence  of,  628. 
Writing,  368,  610,  615,  635. 

Z. 

Zigzag  appearance  of  muscle,  439. 
Zimmerman  on  respiration,  170. 
Zinc  acted  on  by  gastric  juice,  50. 
Zona  ]>elhicida,  523,  525. 
Zoospores,  496. 
Zygnema  quininum,  515. 


THE   END. 


M 


Lossing's   Pictorial   Field-Book 

nf  the  E-eTolution  ;  or,  Illuatrations,  by  Pen  and  Pencil,  of  the  History,  Biography, 
Scenery,  RellcaT  and  Traditiaas,  of  Vhe  War  for  Independence-  3  voIb.  Royal 
6vD,  Muslin,  $S  00  ;  Slieep  er.tra,  $9  00;  Half  CalT,  $10  00  ;  Rosocco,  gill 
edgeB,  $1^  00. 

A  new  and  o^refully  reriacd  edition  of  thia  iaiigni:Sc.ent  work  is  just  completed  lo  two  impc- 
rial  octiiTO  rolumm  of  equal  siEe,  {sODtaiaiiig  l&X)  pagoa  and  1100  eagraviiigs.  As  t)ic  plftn, 
-cope,  and  beautj  of  tbo  work  were  uriiz;Lnally  de^Ttiloped,  e;nment  literary  m<eD,  Aud  thu  lead- 
iri];  presses  of  LUe  UnHeJ  States  atid  Great  Britain,  proDouaceil  il  one  of  ibe  moat  valuable  hia- 
lorical  producCioDs  ever  i^ued  iu  Anterko. 

The  prep&riLtioD  of  thia  work  occupied  the  Author  more  than  four  jcnrs,  duriTig  wbicli  he 
traveled  nearly  ten  thousand  nu]e«  in  ordor  to  vkit  the  prooiindiit  ac'^nea  of  Rerolutionary  his- 
tory, gather  up  local  traditioDd,  and  explore  records  nnd  liintorici  In  the  naa  of  his  pencil,  he 
waa  governed  by  tUc  d ate mii nation  to  withhold  nolliing  of  iinportance  or  ioturest  Being  him- 
self both  arlist  nnJ  wnler,  he  has  hecn  able  to  eotnbLae  tho  mateHaU  tic  hod  coUeetfld  in  bolb 
departmcuta  iutu  it  work  poiHOiwijig  perfect  unity  of  purpose  and  Qsccution. 

The  pricne  object  of  the  Author  in  arranging  lun  plan  wna  to  reprodnci?  thg  history  of  th^ 
AmericaQ  Revolution  iq  sucb  an  attractive  ninnaer,  ob  to  entice  the  youth  of  bia  country  to  read 
the  wonderful  story,  Htuily  its  philosophy  and  teachings,  and  to  becomtl  foaiilior  with  the  found- 
ers pf  our  Kepublic  and  the  value  of  tboir  lubors.  In  thia  ho  has  been  Qmincntly  aococxifijl ;  for 
the  young  read  the  pagfts  Afiiie  I'^dii-Jiookyrith  ihn  Bmn^  Avidity  as  tho^e  of  a  romance:  whiL> 
the  abaodant  stores  of  inforniatiou,  and  the  tarefo!  manner  iu  whicit  it  hm  itcen  arranged  an^l 
set  forth,  reader  it  no  ]eg»  attractive  to  the  general  reader  aud  tho  ripe  Bchalnr  of  more  matui'<.- 
years. 

Explanatory  Qot«s  are  profuaely  giveo  upon  QTery  page  id  the  Tolumos,  sad  sIbo  e  brief  bit- 
^ajihieal  «kcC'Ch  of  evitj  man  distinguished  ia  the  eT«ata  of  the  ELqtoIuUod,  tha  histor-j  of 
whose  iiie  is  known. 

A  Suppplenicot  of  forty  pages  eontAina  n  Hiatory  of  tlia  Naval  Operationa  of  ike  Re]<vlulion ; 
of  the  Diphmae^:  of  Uie  Confcderatiem  ond  Fi'dfrai  dfltntitvi'mn, ;  the  /'rfwwand  PntonShipt 
cfX'tar  York;  Liva  of  the  Signeri  of  tht  Dectarailon  of  Indtpendtnct,  and  other  matt>erfl  of  cu- 
rioua  ioterest  to  tho  etudcuL  of  our  history. 

A  new  ond  Very  elaborate  Aualyti'cal  Index  baa  been  prepared,  to  which  we  oall  special  atten- 
tion. It  embracer  gighly-five  closely  printed  pagts.  and  posscAsca  rare  value  for  every  student 
of  our  it  evolutionary  history.  It  \a  in  itsQlf,  a  complete  ajnopsia  of  the  Ilistory  and  Biography 
of  that  period,  and  will  bo  fouod  exceedingly  UAeful  for  refereooe  ty  overy  reader. 

Aa  a  whelo,  the  work  co  n  tain  n  all  theetseDtialfactsof  tba  early  hintory  of  our  Republln,  wbiiih 
pre  ap&tterod  through  Kore*  of  volumes,  often  ihiM!e*aaiblo  to  tho  great  maaa  of  readers.  The 
illufltrotioa&  make  the  whole  subject  of  the  Araarican  RcvotuUon  bo  clear  to  the  reader  that,  on 
riaiug  from  its  peruaut,  he  feels  thoroughly  acquainted,  not  only  with  the  history,  but  willi 
every  important  locality  made  mcmorablo  by  tha  events  of  the  War  for  lodcpandence;  and  il 
forms  a  complete  GuickSook  to  tha  tourist  nocking  for  fields  consecnLC'd  by  patriotism,  which 
lie  »eattefod  oifer  our  broad  land  >'otbing  has  been  epari>d  to  make  it  eomplete,  reliable,  and 
emiuently  uaorul  to  all  elossca  of  citijseafl.  Upward  of  TIURTY-PIVE  THOUSAND  r>OLLAR-( 
were  expended  in  the  publieatioa  of  tho  first  etlitino.  The  eiquiaite  wood-cutfl,  engraved  under 
tho  iuimedlate  supeririaion  of  the  author  from  bis  ova  drawiaga,  in  the  higheat  stylo  oi  the  »rt. 
required  the  greatest  care  in  printing.  To  this  end  the  efforts  of  tha  publishers  bav*  been  di- 
rected; and  We  take  great  pleaauro  in  prwenting  Ibese  Tolumea  as  the  beat  specimen  of  typo- 
graphy ever  issued  from  the  American  press. 

Tlie  publieation  of  the  work  hnving  been  commenced  in  ouatbera  bofore  iCd  preparatEon  wa» 
completed,  the  Volumes  of  the  first  edition  were  uaade  <juit8  unequal  in  aize.  That  defect  hfi^ 
liseu  remedied,  and  the  vchk  is  now  presented  ia  two  Tolumu  of  equal  iize,  contfiining  about 
760  pages  each. 

PUBLISHED   BT   HARPER   Jk    BROTHERS,   FRANKLIN    Sa.U».ftt^  HV*l  'tQ'**., 
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Fi-om  Runurou  Comptimentory  Letien  receivei  by  ihe  Anthitr  and  Pubiuhert,  the  foiUnring  arr  ae- 
lated  dJ  apecitttena  of  the  opimo/u  of  nun  familuu  uUK  tlu  tubjeet,  atid  weil  known  to  tk. 

IFrotn.  At  Itan.  Edwahd  Evbb1!ttO 

DosTONt  litk  Oetatftr,  liM, 
My  Dear  Sii, 
r  hB»e  much  plBafiUra  In  «:ipmBlne  my  «I7  ftvoraMf  opInlUTi  otyoat  "  Fidil  BMfc  of  tbn  Rr^olnEdcHi  "     I  haic 
found.  It  anil  or  ihe  tnoul   UHrfiil  liogkii  of  IcferBncc  in  my  ptmrteBsmn,  for  lint  pc-riod  ivtii'rh  in  corcreil  by  it.      I  tl*«e 
never  coinitulted  ii,  ivithoui  llnilm^  m  it  ■Cffry  Itiirbc  wliicli  cuulil  Teaauiiably  beciprrti^ii  from  avtb  a  wnrk,  aiitl  jjpn- 
i^nill>'  mucU  IhHL  ts  not  to  ix?  liiuhil  Hscwhen-.     UfHiikn  cDilminft  all  Clial  l»  ermiaini'd  in  \be  turai.  f|.i)It1t.-NIi(-«,  ;>.>ur 
iMdyfiOUii  p^r>wri5]  ei  am  man  on  of  th'!  Iniercatinj;  locuUirs,  ojid  the  tHHtrrut  snil  i(ii|.r|iP(l  pKiCfnol  UlUiierul.anA  iiitro- 
dQced  liy  ymi,  bavu  £D&bl«l  f9D  i<>five£nai  iilsrncin«tB  loour  tcrtowlcdit^^f  HevoLuLionKT]'  evenu  sad  pecnen. 
J  nnuia.  Dear  Sir,  ytry  isi^mcUUII)  jiuurH, 


CZ^^^^c^^^f^^y^-^      (I^X^.j^y-c^lj 


iTrom  the  Prttidenl  o/tkt  VnileJ  Statu,'] 

Wi.SRjMorDN,  January,  7.  laSS. 
Bear  Sir, 
A  iipleniliiL  rJipy  of  ynur  FleM-Book  of  tlip  Revohillon  f  nmf  lo  harnl  on  ilie  I5(h  Inw,  Cor  "hkll  I  &«  leavv  to  re- 
lurn  you  my  BinccTc  lfiiink.8.  I  hntecinly  rciuni!iinu!i[i<  plann^  ii  Iih  eaiil{?htM,nniil  \ta  rich  &l)d  beautiful  illgiilraiiMu, 
ijllt  1  cull  nor -.laulii  ttini  whni  1  BhBll  havp  inore  l-^imire,  1  bIibII  read  the  wliolf  woik  with  ]ilea«utv  and  profit-  I 
cDDHjder  ItiHl  you  DflVL'  r»n(ler«l  a  jirvBt  mtvith  la  rlie  eAuijtry  by  imtHtBtlini  bo  iMnifMinf,  unl  tmrul  a  worX  unoR 
Cbal  gniat  cveiil  ill  out  nflticnsj  tuston,  and  uain  1  tx-i;  ifavc  lo  nyxai  m  yoa  cay  tbonkfl  tar  ihe  Sian>Dr  yon  biTt 
ilBiu  DM  in  pnMUUIiB  Om  IJila  be&Ulirul  c^y. 

ReapcGlAilly  jaun,. 


t.^^^€u£^^^       £/S:i^W^ 


[R^rov  Ko^Bir  Crahbtf*.  EihW  a/  Clkiin«ft»-i'«  EA'nbir^A  /cuntfll,  Cbambrri^t  Uiifitlimff,  iK.,  rfc  J 

LoKDon,  Aaj;ujt,  S7,  1S5S. 
1  bad  the  pleBfliiro  ttirpp  «vcnlnKi  aro  <fT  rveeirinf  ydur  \ntlet  of  Ihe  Sflli  uK.  ■ri'OTniiJinjpd  by  Ihp  ropv  of  j'Onr 
ficlOTiiil  Fi<>W- [iiw^lt  nf  the  Revoluiiion.  whicti  jou  liave  dnrip  irii!  the  hotinr  orKpndinK  bj'  oui  rotninan  iVipnil  Mr  Wil- 
aon.  When  I  tetJ  ynu  dial  1  have  liardly  ilniie  any  thing  aiiiri!  b-ns  read  aHii  [yirv  ov.r  your  hooW — rcafl  ii  for  btiiira 
Itl  -my  t>ftd  lin-l  f^f  hoijra  alilirtp  up— you  wilL  kw  immc  renson  inbi-licvr  lliat  I  nm  not  iiii|n'atvriil  for  it  It  l>  Indent 
a  book  L-mlLrf  Iv  alUr  my  own  hMrC ;  (tnd  lBri(«^  a«  it  i«,  nnd  oeeupled  ba  ]  jim,  |  >i.h*lt  t«it  t--  mntvnt  t|[1  t  hevp  pFruanI 
it  all.  Tile  whole  Btorjof  [He  American  Warf4rlIiilr|>enilr1K^<-nGajI0'i  my  t^amre-Rl  "VTn|jatliiirs  for  llic  fair  oitr  [ar- 
ly,  &nd  Id  aw  no  many  j«rm>nal  anil  local  traits  ufthc  tonJlKl  Imti'  KalLitvil  tutfi'tti'',  anid  illuaiirnted  bo  vi»  dly,  ■»  « 
irest  of  the  hiBheai  kind.  ]l  la  btii  Hp«£k,iii)i;  llir  wohcrrnE  truth  to  aay.  thai  >oi<i  huvi;  perfanufvl.  in  till-  moi'l  aurfr**. 
fill  manner,  .o  UNk  ubieh  your  iiaumry  will  naeT  eeose  la  thank.  }'au  Tor  undi;ruki.iij,  wbide  any  aenM  Of  llw  men- 
l«ei  ofitiDpurlciUOf  1779>-)1fJ3  renujiu. 

RupnetCUly  fOi  ijnoreljr  javxn^ 


^2<S**'^*£/, 


i 


iFrom Uraart.JtcnnAKVOTT.Avthor  of  "YmmgCkritl^  Sir)ti,'"'AbMrtiTialOrirw,"  iic.,ioaHS.  C.  Anvorr, 
Author  o/"  Memiirt  ft/  \apalron,"  and  Oobiiam  D-  A«Bott,  Pnncrpal  cf  lAe  i^pmgler  Inrtitule.l 

"^'c  coniidor  Loaxins'A  Piri^rinl  Ficld-nckolt  of  ibe  nevoluiion,  an  emtnrnily  denlratilc  work  Ibr  Befaool  Libraries 
(DnntLglioui  the  Courim,  for  ih»  liMlowi^is  ryat^n* . 

L.  Tlir  nutiject  of  it  in  Ihe  foundition  of  ihix  Kepublk,  »  irutijcrct  on  whjcb  LI  n  Of  lAc  tl[gll«U  lisponance  ibu  |bp 
jfouih  of  thin  I'ountry  •hnulJ  li<«  uHl  lufunncil 

9.  The  ivnrk  in  wriiien  wiih  E>^ai  earr,  Bud  is  Itianiupbly  reliable'  In  nil  itn  r^lpaKUli! 

3.  The  plan  anl  the  rlrHi;rn  dflbe  v/at'k  kk  HUfh  thai  il  ra-niatna  a  very  targe  amuunlorinMrucllve  ■04 «IltCflalm- 
inF  dfisLls,  whieb  rcmJem  ii  very  Bilractire  in  ihe  hanila  of  ihr  younj; 

1  'Tt\ri  mtyi*.  plonx,  and  jiiiriDrMl  illgiiErtiioEiiii,  wtiirh  invrnia  ihe  work  Willi  ao  [KUTcrful  a  eliirm  f^^  VoulbfUl  read- 
cTb,  ire  :iM  tnetr  i'tiili>'llinh1'ii<-1ila  inteniled  14  aJlurt  Hbd  auiuw,  tilil  Mni  lOUde  Itie  hKAna  of  roaireYin|[  aretirvK  arut 
important  gevHmphirHL  and  hiatDriral  knowledge.  Theae  iJItintrultona,  which  tiavi:  brrn  obtaiiinl  lor  Ihe  tfutk  At 
{TcBi  r\pm»t  of  iioirr  and  labor,  adapt  ii.  in  An  admirable  manni-r,  lo  tnsirui;!  ail  rradem.  and  yaunjirtBdrtB  eapccl- 
■l]y,  mna.  Id  lead  them  lo  rorm  elear.  dlihcrhmtnMIT>J[.  find  eiaet  ide:iH  of  ihe  fiicia  «>iiTlt>c|Ml  wjin  Ollf  eafilr  tuKdrs. 

B,  Tti«  morkl  inaueiiii:*  of  cbe  wort  jj,  kn  emrf  nsipecc,  oT  iti«  bft  uiil  mMi  vaciCEjjtiou&i  char^ter. 
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[fVnn  tkt  Reo.  frnkncu  h.  Hawk%  D.  D.,  LL.  D.] 

Niw  YoBK,  Jm/aarg  4,  18&3. 
My  Dev  Sir, 
C  besnUy  confraliiUte  yoa  on  the  eompleclon  of  yoor  rilnable  tod  deeply  inunsUng  "  Piclorial  Field-Book  oTtiw 
ABTottalen,"  ukI  wiili  ihu  m  copy  of  It  mlKbt  go  Into  tbe  handa  ctf  ererv  AaMrlcsn  child.    An  scqiulntanee  with  tbe 
incldenta  <kaai  RerolulkMury  amiule  can  not  but  nurtora  In  tbe  mlnda  or  our  young  people  an  ^tpreclation  of  ibM 
fteedom  and  aakM  wliich  cost  our  fubera  ao  much.    An  eoligluened  pairloUsm  will  oeceasarily  reaulL 

As  to  the  aniattc  lUuMretlona,  they  need  not  any  nian'a  eomnwDdat Ion— they  apeak  Ibr  themaelvea.    I,  for  one, 
thank  yoa  tor  tho  book,  aadbofW  you  may  live  to  make  many  ottiera  about  our  own  dear  coontry  quite  aa  good. 

Very  truly  youra, 


<^f^3>«,£:^  o^^#^Z^^ 


^      6* 


IFnm  ffa  B<m.  Sows  P.  KxNimT,  Seentarg  tfftke  JVavy.l 
I  have  bad  freqorat  oecaafcm  to  admire  thla  worku  I  saw  It  In  detached  parts,  and  now,  baring  it  complete,!  Snd 
peat  gratldcatloD  In  ibepemeal  oTlta  beaull/tal  akeichea,  soHch  iDtbelegendaortheReTolutlon,  andao  aniatlcaUy 
Ulostraied  by  your  pencil.  From  tbe  rarobUng,  desultory  eharacier  of  your  researches,  you  have  tbe  adTantage  oTei- 
citlnK  a  conatani  expeclaiioQ  in  your  readers  of  jrieaaani  surprlaes  and  moat  agreeable  altematlona  Into  the  nooka 
and  eddies  of  hUtory,  which  recelTc  additional  Interest  (Vom  the  graceful  spirit  of  the  narratire.  I  bare  never  met 
a  book  which  more  happily  supplies  s  nind  of  instTuctive  readlag  Ibr  thoee  broken  hoQia  (tons  mbteciva)  which  I 
am  able  to  gather  out  of  the  Intervsla  of  buslnesa,  and  none  that  ever  Illustrated  an  btatorical  epoch  more  fblly,  in 
Its  way,  than  ibia.  I  am  sure  tbe  Conntry  will  appreciate  It  as  It  descrrea,  and  will  do  Justice  to  tbe  ability  which 
you  have  manllbated  In  conatructing  It,  the  Mtretne  accoracy  of  your  patient  labor,  ai>d  tbe  perflwt  art  of  tbe  engraved 
pictures  which  are  ao  thickly  studded  over  its  pages. 

With  tbe  beaniet  good  wlAoa  ftv  your  success, 

I  am,  my  Dear  Sir, 

Very  trtily  jaan. 


J^r^Ci.  J?  A^^v^H^^ 


iFrom  JiKiD  Sfakm,  LL.D  the  Hittorian.i 

CAHBRiDaB,  Martk,  19,  1S53. 
1  have  perused  Mr.  LosslnK's  "  Fii4d-Boak  of  ibe  Rerolution,"  durlnj;  the  profrrcsH  of  its  publtrailon,  and  have 
found  myself  much  Inlerest-rt  and  instrurled  by  ihe  large  colJeciion  of  tactii  which  the  author's  extensive  researcbeit 
have  enabled  him  to  brin^  together,  and  the  manner  in  which  he  has  presented  them.  Ai  illuBtrative  of  local  Inci- 
dents and  scenery,  with  which  some  of  the  most  Important  events  of  Ihc  Revolution  are  connected,  and  aa  conlaininn 
numerous  biographical  notices  of  individuala  who  were  actors  In  these  events,  the  whole  work  possesses  a  high  val- 
ae.  The  details  in  which  the  narrative  abounds,  convey  a  lively  Impression  of  tbe  Hpirll  of  the  times,  and  tbe  work, 
ass  whole,  may  bejnaily  regarded  aa  contributing  Msentlal  aids  to  a  fUll  understanding  of  tbe  operations  of  tbe  war 
described  by  more  fteioM  ana  elaborate  historlea. 


Sf^^1^cL^^IXA/ki 


IFrrnn  Dr.  Btci,  Sterttary  of  tke  Bomt  of  Regmta  of  the  State  of  Ifne  York.] 
Having  careTDllT  read  Mr.  Losslnf 's  work,  I  cordially  unite  with  others  in  commending  it  as  one  of  great  value  and 
iBtereat,  and  worthy  of  a  place  in  every  public  and  private  library  In  our  country. 


X<^^^^ 


[FVom  WASHinoTon  Irviko.J 
I  have  tbe  work  conatantly  by  me  for  pertiaal  and  reference.    While  I  have  been  delighted  bv  the  freshness,  (Veedom, 
and  spirit  of  your  narrative,  and  the  graphic  eflbet  of  your  descriptions,  1  have  been  (^lifled  at  finding  how  scrupu- 
lously attentive  you  have  been  to  accuracy  as  to  brts,  which  Is  soesnential  In  writings  ofan  historical  nature.    There 
la  a  genial  spirit  ibraugbout  your  whole  work  that  wltia  for  you  the  good-will  of  the  reader. 

I  am  Hurorised  to  And  in  how  short  a  time  you  have  accomplished  your  undertaking,  coDsidering  you  have  had  to  trav- 
el "  from  Dan  to  Beeraheba"  to  collect  Ihcts  and  anecdotes,  sketch,  eniirave.  wriir.  prim,  and  correct  the  press— and. 
with  all  this,  lo  hsve  accomplished  it  in  so  HStisfkciory  s  manner.    I  think  it  a  work  calctdated  to  make  its  way  Into 
ever}'  American  family,  hlab  and  low,  and  to  be  kept  at  hand  for  constant  thumbing  by  (dd  and  young. 
Bdieve  rae,  my  dear  sir,  with  cordial  regard. 

Yours  very  truly, 


4  LOSSmG-S  PICTORIAL  PIELB-BOOK  OP  THE  KEVOItmOlT. 

IFrmn  the  Hon.  GsoHaB  Bjnicn-orv-} 

,,    _.        ,  New  Tobk.  lit  Jamiary,  ISO. 

My  Deftf  S.r,  " 

TbPBoudopliiioiiwhlohiwp^ModtoyouitiTiw'llmouiworyoUr '■Flrt■^[kl^lk^lflheB«olDlioll"t^lllhrmr«ll^^ 
bj  L-VLTy  BUPi^fviliiig  numtwr.     Yoll]-  imclurvJ  f  ap^s  am  nol  only  ctiariiiiiiij{  and  in.HrniLtive  Irorn  t\if  ill  us  Lr«  lion*,  li  •, 
jou  buvi;  usi-d  cu|jiiiU9  oioUTlBla  ;  huvtr  jjm^ii  >i>ur  iiarmiivp  im  an  uiisJT't-ried  *|)J  allfaccive  B[>Lr,JUi(t  hare  bniu'  I 
ipyuuruorkUItllCfJ'llirktidDrDrjiiagiiii.'iu.     Ifihall  be  vcr)  «]oJ  id  Ik-oF'O^I  an>  HUr^iiiwthBl  ni«r  cantrLbute  Unwd  ni.' 
niuujiieauoo  i  H4iii  I  ullea  take  occiuiun  to  ei.presii  mv  bigli  i^MiiLiBit;  uTtbe  merit  oTvouc  H'Ork. 

i  nmun  ;o~ur  [mad, 


ifHm  thf  flixi.  Datid  I,.  Sw  IS,  PrttiJfnt  6/  t/u  iVwtA  Carotinit  OkivtrtiiyJ 
Ituiferradwitb  pare  btiiJ  IncrnuiinE  lnlp«*Bt  a  wirtHldiTablr  jioniini  of  CoBsinj-'n''  Pircorinl  Pldd-nooltaribr  Rerii- 
Inlkan/'  [n  tli?  ctanjilrTs  whlcli  rclnic  tnthuw  AbHliJiin  i>f  rlir  I'liian.  nnri  {he  iKrieii  nf  cveMb  wiih  nhlrli  f  vn  TSC"! 
[hmiliar,  [  tiaie  ikii^iKl«CL>Et.siorkii3  ertorH,  'Lrt-fwdally  tii  ilic  nDineo  or  ppraons  nnd  ipLnceii,  and  t>h«^  il  Itif  itfiiriced  lb  4 
like  itiBrriiraeii's  iii.av'  be  friuiiil  ill  ciltiiT  iihtih -rirthc  uurk.  felrrom  oPLbin  htuit  ua  hurnaii  rDrc,--lirlii  ['ixil.l,  m  nt-ri, 
inatBnce,  lia*p  nvoiUeJ  ;  and  in  so  wiJi-  u.  ninnc  (iraliHiTVaiKiii  in  rrlniimi  m  plnnpH,  i'vciiih,  prrnoriR,  mii!  >ia((«.  ii  u 
nol  miMely  n.  mniicr  orconR-rniulnliniii.  but  nkirjiriitc,  ChnE  fo  jirfAl  ftrnirnry  bns  Ivcn  aiEniiir<3  by  tlic  eOonit  afa  lutlti' 
[>(>i>0'l.  Sir.  liO^^iTl!!  h-ni  rnrnc'J  lu  bli  i\'ork  rnri'  talc  111  liir  dclmnmon.itnlll  vriili  |wti  niul  [vni!!!,  tintil-Liiit  iiidUBtrv, 
iiHA  uvJdE-nl  a{k:(ii'ly  to  do  JUntni'  ll>  i-viry  (.■■■■tJr>n  of  PUT  fdiirili-y  ;  Stl'l  III"  bdv  •-IHrn":'deil  nul  Im-KrlJ  Iti  [imiliirlnK  iCi 
moMt  OTUJ'alC'  aiiiL  mIrr<?iiiLiiii!  biniory  Ol  tti«  fli'iolUIiUli  Ihiil  Iib»  ctei  brrn  iiubliahcd.  >hut  s  rMkUy  TnagniBcenl  vork. 
wbtcli  rs-IIV(^iK  vtry  liip(li  rn>dil  on  tbc  aulliDr.  tha  publmbiTx.  nnil  Xtii;  countr) .  It  I"  U'cvniiiil  Co  obtain  a  vny  wli  ' 
circulation,  and  no  young  man  con  rvail  A  wLlhouC  haviiip  bin  knowM^i;  orA.Tnei1i?.anliiMary  cmily  cxiended,  h  * 
•dmiiuian  oribu  jireu  niciiof  ibeRerolaiLDu  JBcruued,  and  bis  prida  Bad  poulmlHia  exalted  tind  ctnrnsi bciuuL 


[FVprn  Jftif  Him.  W.  W.  CugpaELl,  .?i»i^  o/lfrr  SKpfTffl-  Cetlrl  0/ tht  City  of  A'do  Kw*,  J.UiAw  ■{/"•'^mutb  *f 

TVyon  Vi/unti/."  46.] 

Nkw  Vou,  Pfinury  13,  !»3. 
My  Dear  Sir. 
[  motit  nlmrrrrtyconirraiuliitcyauaii  ttwcorn^linlQna'ryoiirEreai  wort,  ibB'^'Piriarial  Fip/J-Stmtq/"i*f /[nm)»<ft«»." 
rt  fnlta  latJif;  |ioi  or  tew  men  to  r(Ilf|^r  nufh  nignsl  sorvirtw  ro  rhnrcotincry  ait  you  Have  ri'iiilcnil  tiy  ibc  ivQik  in  (jlw* 
IIOTl  fVw  men  posiCaB  thclaleiil  i'e(jaleiil«  not  only  nisKMcl>  Dllii  fimTai'P,  bui  hIbhHO  di-ai^rltw  wl-Ii  .  l'r.'Wi7rn(ill  (juiu: 
WKb  tUii'b  tuleitt  lh<^  enilatiittB.bk  n'ill  amlUillirirliKcnCTfynhirli  hn'CpeiinMnl  }tii)ilnlr.n*i-In«  <lir  kllEtli  ami  Ein-ndch  c" 
uiir  linfl.  uri.il  to  iiiMi,!  HudKuntioutil  rvtry  ubnlai^lp  in  Lhf  ni.:ctin)jiliii)iiiii-i)tarfi!]  tiiFnnlver  awofh.     Willi  ibf  jhtd.  lb 

Cciinll.  anil  ibs  §;ravpc,  y<iti  Uavp  rerontnl  l\te  ili'inln  aibil  I  rue  ml  ciiii  Hie  llnFampEila  of  niii  RcTolullonary  faibicrs,  art 
Bv^:  iraiinli-rrril  W  >l>ut  pagi-'s  iljt-  DiilltneH  of  ihi-ir  ruik'  fhrirfsiPf.  imJ  hanl-rau^lit  halilr-flrlda.  Tlif  mpn  aw  iwni-, 
uiil  I  tip  [ilowMharQ  IK  rinvi^ij  dvqf  th<^  ptacPH.  when.'  1I117  tilr^.  Due  itic  Boldii-rUTi'A  B,i>Bin.  and  the  acfiir  of  tili.  )(lot' 
reappcani  in  yoitr  m^ten^Al  anil  [ii-'wriBl  pa^Es.  A*  ait  Amtrn^sn  ■■iiiitri  and  Hip  dewcmiani  of  EcTotmioQa/i-  r-  n. 
1  KiDD  >ou  my  Ituoka,  awl  L  inioi  you  will  find  0  ntn^roiin  (>uMli:  to  reward  y ad  (tit  yoai  toUm  am.  eiprm  va 

i  Bla  Vciy  aJncetcly  your  IJi«Jid, 


^M2i^ 


CfVofli  Ihi  -Vno  yofi  SfUf  iriArar'an.] 

At-BAWT,  /mmsry  14,  I8U 
Mv  tlftu"  Sir, 
It  orTiiTil*  ms  Kimi  pJPBflure  to  lay  thai  I  have  pmmin'n]  yinir  "  Pirtarifll  Fiuld-BiJnk  rf  the  Rciolalion."  bihI  Bf- 
nrave  ii  moat  bcariily.     Imlependciiiily  of  iln  insicirrly  PTiTi]ili>n,  Ihr  ilpnien  of  Iti'T  n'i>rk.  m  onicnia]  anit  etf^lini 
PhE  i.Hiljjrcl  m  tri'iilcd  in  n.  rjirnihar.  yn  (liiEnltlptl  rrnnlur-  thr  rfaiti-r  rati'itdin.s  with  you  IVcim  poini  lo  pDlnl  cplrhrait'l 
tn  our  Rcvoluiiunary  nnnaldi,  anil  b^K'nini!  14:1  ili>'  Klorien  anil  traditiena  ronni^^reil  witti  inirh  fipm 

An  !  n-Pi  only  l*  lln"  ■m.iy>Yf  Hd^lrLtPX'il  iIiiolicIi  Uii-  rnnliuinii  orwonUibui  you  bjgvi>  brauihi  ihc  «v<](iiiiirF  d^Itnewr  ■nm 
nfyoif  pehcd  in  md  of  juUr  tank.  ThiiB  llie  balllfDeld,  Old  fon,  and  hirnempnil.  nnidc  nirnmrnMc  liv  i-ntne  Hc^titil- 
riihaa-y  cvpn1,arcbrciiiBKi  lo  tbi.'  knrrwk'dguoniicvy^.  Bnd  rendered.  In  C^niivr.'iicra  wAII  your  pii-tuj-eiiiiiUcdt-jgripUoiJr. 
ilLiubly  intrrr-iiinE  .nnil  vdlunlilr. 

To  itiu  youtli,  jvanirtilorv  cii  our  couniry.  ilw  "PlftoTlol  Fkld-B«ik,"  hhuti  iicdtc  ore^innly  valnaliLi-.  clwhirv. 
U  It  tlAea,  QUI  Rci'olulionory  Lintary  in  Hip  mont  nltnirllTi:  parb  l>y  iIM  K'-Tiif  dHlnc-allllii^  and  IrflElldiiry  nclB. 
Witb  my  bcHi  wisbra,  bclLpf  e  me,  terr  truly  yoiini. 

ALFREU  0.  STKEET,  Stjite  LiaBj.itiAii. 


Sli. 


iFrm  tkt  Regent*  of  ike  DnJcwrnlly  aftkw  State  nfNew  ym-*-] 

AiBinT.  Jmiu/try  Mv  ISS9. 


Al  amepllnirerili("Ho|fpnl»i  of  th*  XlnlTprBllj- dTlU*  SUie  ofNew  ¥«t,  bBld  lanyiTT  13.  IB53,  oq  mouwi  of  tht- 
aerrplBry  of  i^vi-bep.  11  waa  unnnlnioiialy 

Kri'>lF'rd,  Thm  r.niMin's  riELD-soDK  OF  thi  BETOLCZton  be  pliacod  Ih  itir  bit  orbooka  rpctntiinx'ndpd  lo  h* 
narrbLkflrJ  by  Acadi^miMi  for  llieir  librmrlca. 

T.  HDMEYX  HECK,  Sbch.bt4BT 


L  O  O  M  I  S' 

Series  of  School  and  College 


TEXT- BOOKS. 


Tba  Ctmtm  it  UiHttaMicM  hf  Pror.  Lodmis  1^u  sioW 
Ill-en  for  ■eierkL  jtmn  betun  the  puhlir,  uid  Uaa  rrnrivnl 
tilt  jcik&nl  ■ppnbuiua  orietelMn  Lbrauglivui  ih«  mun- 
I'j'  This  IbllDwln^  are  aoirie-orilLeiinsiiiLuiJonB  In  wlucb 
r  LiiConrwtiu  t*^n  ljiirDduc«il.«librr  wtuDiyvr  m  |>an: 
JlirtDUuib  CnUegr^N.H. ,  WUUmiiAi:cillrjF,Mau,j  Am- 
tm  CdILc^.  Ha«. ;  Vale  ('t^kst.  Conn. ;  TTiniiy  tui- 
I  -go^Conn.i  Wealcyan  rniiTenit)',CDrui.;  IIafi]Jli>R  CaU 
)-B«,  S-  Y.:  Ilflbnrt  Fr"  Colleger,  N,  T.;  New  Vort 
I'oiiBMllj.N.Y.;  RcKlivHterllnii'craiEj.N.r.,  DLcfcin- 


ralkg^c.  MJ.  :  Emor}'  uiil  Ilcnry  rnJLi-fe,  Va.  ;  BKlliMy 

Cnlli'g^i?,  \\a.;  TraDiylvanli.  limy  (rally,  Ky. :  Cumber- 
Iqndl  (:D)lrp,  Ky. ;  Wfctern  llcwr'E  r!d|FgB,oliiD ;  Obcr^ 
liFL  t'tdlf^L-,  <.)tiicj  {  Anti'nthi  riQlLegc,  Ohio;  AnlMir}'  Udi- 
rrraiiy,  TimI.  ;  Wahiuih'C<jllFeF,  liid.  ;  lUinaiMCoUrite,  1U.  ; 
SUOrHeir  CollcfCv  ^n  i  McK«niIrw  CoUego,  ILL .  Knoi 
C■l|ll^f^,  111  :  MiiBOurl  rnhvcraily.  Mo.;  Unlreraiiy  i>l' 
MtcblcH),  MLrb. .  Oelajl  CoUegc,  WliEO'iiala. 


A   Treatise  on  Arithmetic, 

Tliereoljeal  ami  rrnctical.     ISmOv 


Thta  TolUIM  CXplBlM.   In  B  lllmrlo  »nd  phUo.Miilii.'al 

m*n™T,  itwiHoory  of  fcllitiijii(ilinnfyoiKrjiiicin»ar  Antti- 
m«ll(,  nnd  tltuRlrBlra  Ihcm  by  riarnple^i  BlIITKii'Pilly  nil- 
niaroua  (n  irnjirena  th^-Tn  Indrlilily  upon  Itie  rnLnl'orthi^ 
pupU.     I[  ixLcaijjiicd  lar  Llio  ucc  uToi^ranced  almlisiUa  iti 


aar  ^uhhe  Hfliantfl,  end  fumiatuM  a  HMnplrw  previa rai inn 
(or  ttii;  Htuily  of  rLlctira,  |ui  well  u  fucitui  jimcurnJ  duiL« 

TiDia  Viiiunu!  ia  19  {irna,  Ud  Will  be  JfUUlabtd  Jn  hf--^ 


Elements  of  Algebra. 


Dosigneil  for  fha  Oso  of  Bi-ginnera.     Seventh  EdtUan.     ISmo,  pp.  St'R,  ?!ieep  extra,  flSi  cents. 
Tliia  Talume  la  Intcurled  (br  the  uhi  oT  uodFnta  who 
lkO»fljo»i*cimpleicil!iliBBiii(lyof  a-rlthmeiip     h  i»  Wlcvcd 
iitmt  it  will  bo  Ihunil  aulllnrmly  dear  and  aimplo  in  bo 


ilBptMl  to  llic  wtmln  of  n  Ibt^c  eia.tn  r>(  Mndj'n.i*  in  nur 
.  imninn  BcbMia  1i  ^iplnms  iJiu  iTieiho<l  pF  Mvitis  ^qtiti- 
tiUDV  t^ribo  nrsl  ilriEi^,  VII tl  {fnc,  IVio,  (rr  more  unVnown 
>jtl&ii[iUea  ,  Ibe  prinrrip-lEa  of  iR-volution  and  oreruluCiQn  , 
tba  Bolutiait  QrcquBliona  of  the  acconil  desrEe  :  \ho  pnri' 
ciplen  orrallo  and  pmponinn,  with  nriihmei iral  and  tea- 
meiiLcol  progreaalnD^     Every  principle  la  illustraied  by  ■ 


m^iiatin  rulk^rlin  of  FXjimpl<Mi.;  hti4  b  variety  oTmiarilr 
laiH-mm  girii^ikriui  will  he  ftiuril  bi  th"  rlosc  ortliohDo'i. 

I  bBve  uacHl  LoairiLn'  Elifmcnl»  of  AlB'rilm  In  inv  ailin  .'I 
(Or  HEVrrBl  yrarii,  nnd  hare  ftilind  il  IHl^'t  jri  a  hiRl)  ■)  - 
erpi'  H>(llv(>  (ho  t'UPili  8  ^J''M  *nt|  r<iin|.ft;beflM*4  IHnjlil- 
Hcr  nrLti*  eli'inerliof  Ihp  *i:lenrt,  I  mile  re  learbLT"  of 
Aradcini'es.  and  High  Srhoala  Will  lliid  it  all  IliBt  titry  ran 
drairu  aa  a.  lod-bJok  ou  ililn  bi^nrh  ol  MallLi;iniiliH-a.— 
Pruf.  Alouzo  GRiLV,  Broeilpt  Hngklm  ficmuiary. 


A  Treatise 


Thirtcentb  Edition,  Bto, 
ThJi  trcailHli  dulled  tocnninm  ba  mncli  ciraJ!:«hni 
:i9i  Ean  be  prnniat>l^  [cad  m  llin:!  Iiim-  nlli^icd  Ci>  t1nin  ntiiily 
in  inoal  or  -nui'  cntlrfiirn,  anil  ihoiv?  BtihjrctB  have  btii^R  ne- 
krtrd  winch  an?  mosi  Imponnnl  in  n.  touiwe  of  mallbi!- 
rnaiirsl  study.  Partkultc  fiiini  have  been  cakcn  co  cul- 
iivaiD  in  Ilia  mind  of  \hv  Hiiidi'r>(  a  hiMl  of  gonerali'  i- 
I ion,  and  lo  IcBd  \uTn  (o  reijuru  i^vcrr  priSniplCKHtalnrK-l 
UAnonl  n>rni|  It  h  b«Ilev«|  Umi,  m  reapctl  oTdifHcuLly. 
HnBirotjuQ  noH  n[/E  iliincourBKi-aiiiy  yoiil.tiariinpi'n  ycum 
iirai;i:  who  puoaeivim  avirni^  Bliillim.  wbik'  li  iB-dcHJiinie!! 
lo  rnnn  clane  lialiil*  aS  reiucunliin,  naA  rulcivaie  n  inuly 
phi.lit«c>[ihirul  Bpirit  m  more  mniure  inLnda. 

PfOi:  LoOBlia  hu  bore  AkFrid  01  C.KtiiQ.iCimg  (he  (Ifit 
prlnf|plt4  of  Algehra  m  a  rorm  tvlibrli,  wlnlc  JevH  wjri 
iJMCBpaciiy  or  ordinary  aiad«uL«  a»d(ba  jircMnLalaic  of 


on  Algebra. 

pp.  SS4,  Sheep  extra,  $1  00. 

thn  arirnre.  Jt  IlKpd  lo  cliril  ttiU  it^'Cm  of  cAbri  wWtl 
ri!ui:Bii>cinaI  putpo^ea  rciijuiTir,  Ttirnu^liQUI  Itie  wiirkt 
wlni-nevor  il  pon  be  Aane  willi  Bitvontape,  ihc  prBriirr-  la 
fulLovvLd  of  ficrirraiiiinjc  pjiniruLBiT  tiniripli'ii,  nr  nr  «t- 
[cndinK  a  qUFMJon  propusf-d  rrlniiv?  inB/rrirfi^uJqirqiiRii'- 
tiiy,  ta  ittm  nl'tn^  i^riupnittiif  lo  which  it  belDittiri.a  prac- 
ti<t  OfObTioUK  tilililf.  SB  airuBLoiTiinii  iLl-  aluiti'iit  lo  pau< 
Irom  Hlc  pariicuim  tu  tliu  general,  and  na  lliiril  (u  iin[iri'HB 
a.  mrun  lUnlinrllon  bfiwecn  ihr  IiiltoJ  nii[|  itumiTB.1  I'al' 
Fi:ilii-<.  Tbi!  Roniral  doriniie  of  E^iuniJoDB  in  iripoundnl 
wjlb  rlpBrtiL>4»  anit  Independcjicp.  The  author  ba»  dc- 
rcloped  ikiiu  BTidjtvt  In  on  firJfr  oThiitiwii-  WtT^riiwo 
to  lay  itiii  \vv:K  U'ld  be  but  onu'  opinion  rciTwccing  thn 
giTK-ral  rlinfaclrr  of  lUv  ^KpOajllirb-— JnifrKfin  /ournaf 
t^  Science  anif  jlrf«. 


Elements  of  Geometry 


and  Conic  SecUono.     Tonth  Edition. 

The  srnin|[em'>n(  ofllie-  cirnpA<iti.nn>l  iTt  (tlLB  troiiiiar  \n 
[fsnpritlj  liif  Bumr  as  m  LMfnJre'a  OeofiWiiry,  [>U[  Ihio 
Corm  of  tho  ilemqntlifiltiaTia  la  rfduced  more  nearly  lo  Itio 
inodH  ol'Eqfltd  The  proponiliann  are  all  (■nunciat'tl  in 
a<"neril  liirmn.  wlilti  ifie  uimoHt  hrevtiy  which  la  ponBiBi- 
fill  Wiihr  rlcammu  The  n\K*n  iriiitli**  pn  TotiiC  s**(ion», 
iipi»?nd«d  to  itiN  voluine,  in  dvaigned  panlftiliirly  Rrr  Lhoae 
who  havo  not  licnc  or  mrllnnd"';  fur  <h«  timilv  (vTanalyl- 
'  -al  geometry. 

?taS.  IrfxiDilB'  QMHiiBEry  la  ebaracterisod  by  itiD  aama 


Svo,  pp,  2211.  Slippp  «?tm,  lb  cenK 

rifameaa  BnJ  cl^iftn^^j-  which  wflw  #>jihli>ii.'v(i  m  hl«  A1«»- 
bfd  WbiLvitieloiticBi  ruriiiorariiDmrniaTiDii  (K^cuhBr  u 
Pliylbir'a  Euclid  tu  preserved,  tnore  I'ompLelTpt^  i\iA 
s>iiii[ietry  ih  BcrunHj  by  addiUana  in  nolid  nni>l  ■plii<Tlcal 
geometry,  and  bjr  a  iliflrirnl  arrarifieTneiiC  or  rli<  {ttrpoal' 
nans,  it  will  hi?  n  rnvar^t'  wiiti  i^oap  vr'in  niiiiiirr  Iho 
rhanCe  fiirinn  uratffUTiiPnLallon  of  (he  old  iirhonl  ,  aril  it  i' 
aquimlion  whi-itipr  tbitai"  air  nocibp  Ivst  ffir  ili^'  piiriicw^ 
DrmontBl  dlaegpUne. — iVorlAem  L'lavtum  Aitfroeaic. 


I-OOMIS'  SCHCK)l.  A>0  COJJ-EfJK  Tr.XTEOOK^5s 


Xlttih  Edition,     e 


Trigonometry  and  Tables. 

TahltM,  liouad  sep-' 


vo,  p[i.  344.  Slii(-ji  cxlni.  j.1  BO.     Ilic    Triftonomrlrtf  hreI 
BTBtelj'.     Till;  Ti'ijruiiopietry,  tl  ti'i;  Tables,  flu  cents. 


Tills  wickrt  •'t)m»lin«  an  c»po»i!ion  or  thr'  nwan  oini 
proper!  lea  oriO'Knrillinu:  ir\C  |)rin(l[ilC()  or|il4ne  irLKQnvHi- 
ilry  ,  (he  nienniiratiun  arBunacea  nnd  aoliiJa  :  Itir  priiici- 
|iJfb  oriaiiii  nurvcjliig,  wilti  a  full  iJi'HiTiplioiJi  ofitie  ill- 
•iruni*iiia  tiTt|jji>)-t<l .  itn'  ckjutm"  •if  nnviigaiiftTi.flnd  W 
nphencal  iriRULioinrrU).  The  lahlcH  lurniali  \he  lofaatMuun 
-iif  iiitmtwrH  10  1I>,<UHJ,  wiiti  ili-r  proiNiriioiiiil  pana  Ibr  a 
nnti  tl^ure  in  Ihe  nnfural:  rnmbcr  .  logarntimip  Ainra  nnd 
tangeiHii  rurevtry  ten  aciroiidlB  ofiht  (|iiadrBiii,  wnli  (he 
j^rn^Hirlioiiil  pans  |a  hiniliF  ftpronil!i ,  naluriit  alnta  and 
taiti^t^nia  lor  tvrry  nunui"  bfitu^  •i\ainM .  a  trav^rM  la- 
'bla  :  a  lalile  Drnifiridional  |iarlti,  &c. 

In  Itiis  work  llie  imrirtpleHurTrlgtinomclry  btiiI  lie  ap^ 
|i|lraLliaiis   are  diairuaaird  WLili  Ibu   aaioc  clcarnena  iha[ 


dtitrs'-iiTiMa  iTie  pripvidUB  «<HumM.  TDc  iioniwi  oppn 
]irlM'C<i  10  MenaurB.hon,  Sun'rjing,  icr  ,  'Will  nprcial]^ 
cuniincnij  IL»eirioi  leartirrs.  iiv  (lie  judgmenl  exbibtled  tn 
llie  PMerii  lo  vihlcb  ilieT  are  earrhn],  and  the  practlf-jlli 
tnw-fuKiLoracii-r  «f  ihi-  rnsii^r  inif«iiic«!  Witu  1  UaT* 
)iarLi>rulBrl)'  ailmtreil  in  Him,  as  Virll  aa  (b«  lire^iDlU  *al- 
umpa,  la  llie  rDnalaiil  refDiniti'Dli  ol'thn  diilQcullies.  pna- 
enc  and  prtiaprdivt,  wtikh  a™  likriy  to  embiirraas  (ba 
ItornFr,  and  ihp  akhll  and  larl  wi.ib  which  ifapy  are  re- 
UloviNl  The  LojanHimie  Tabln  will  I*  found  unaur- 
F'Bivie'J  In  pfMcllrai  eonveiiwnce  iiy  any  oihpra  ofib'  laro* 
rxlent.  — Ald(  iTliE  W.  SttlTIt,  LL-1>  ,  ffetntml  v/IU 
Wtefrt/an  i'mutrt'll/. 


Elements  of  Analytical  Geometry 

■ad  or  lite  DifTer^ntial  And  Inticgra!  Cnkultu.    Seventh  Edlttoti.    Svo,  pp.  2VG,  Sheep  extra,  |1  Si< 


Th*  flf«  part  of  ihifl  volufflp  Crrnl"  of  1)k  BtiplkBliOTI 
-irf  il cchra  <a  feoamlr^ ,  llie  ctjnHlriitdDii  ofniUBliiinH.  iRr 
t+r-arM-niJ^B  itrii  pirnijit'it  Umr.  a,  rirde.  pBri1x>la.  i'IIijibc,  and 
riMitTbolau  itii'  rUsHiilizBiion  of  nlKi^bnuc  rurvFa.  and  iKo 
inoTR  irniKirlsiil  irnnK<*i:iidt'iitBl  rurvts.  Ttir  Kernrid  pan 
Iri'iils  i.if  thp  HJinVr<?nnB)ifi[i  nl  B.l|5iphniir  fiiiiciioiiii,  of  Mn- 
4'|niiri'n'it  nni]  Ta)l-)r~a  ll^r-nrtn'tH.  orrnatinia  aad  mliiinia, 
iran^ri'tiiirjiifll  ruiiriiofifl.  chc«n'  cKufiTf.  an<l  rvoiin^g. 
The  Ihird  jiart  eKFLiMln  Ihe  melh.c>d  oC  oblBirLlTii;  \fii  lIi- 
Icffrul)  afa  grrat  Tiinrly  gf  iliiTPirnlinlit,  and  (lieJr  ajipli- 
rsiioih  10  ^h'T  rRrlillralLon  and  qiiadmiiix^  nf  nirvra.  anil 
iliu  ciihaiim  uf  HolidH.     Atl  ihii  pnnn.jileH  an.' llljnlml!-il 


hy  ST)  fTf*n«lrf-  rollpclion  ■of'ctnmpW.  Tttr  wort  w» 
|ire|ia(i-il  tO£nei^tlti«WBDCS  ftflUe  maaa  of  roJIrer  HludirnlB 
oi  B'lTB^e  atiliiira. 

Armlyiiral  tlfornptry  i»  Irrnlrd,  amply  i-hOciEll  fof  tlr- 
mrnlnry  lii^Tnii'Ctnn,  In  (hci  eliiorl  rrinipFLMi  of  IVi  paces. 
no  Ihai  ni:iihin^  iit>rd  lie  nmiiii'il.  and  iIjf  aiitd>^r  can  nian- 
tpr  hii  leil-bock  an  b  uholt.  Thtt  Calrulus  m  irralrd  in 
like  maiHiiT  ia  Ifi"  pagi?*.  an<l  the  oimriiiiji  rhapu-r  makr'i 
Ih*  tiBlure  of  Ihe  nn  «■  rkai  Aa  It  <Bn  pomibly  be  inatir 
We  rKominend;  thin  v»ork,  wiltigUt  K^frve  or  Limptalnofl. 
BA  Ihr  he^t  U-jit-tKigk  nn  thp  nub;ecl  vTc  Lav«  yn  tttn  — 
M-ethoiliff  l^avlrfiif  Kevnir, 


Introduction  to  Practical  Astronomy, 

Willi  !L  Ctillectidn  uf  AeiItohoiiiIcilI  Tubies.     Sro,  pp,  497,  SKcep  extra,  #1  5*), 

TbiB  Work  fiirniithrB  a  de^rnpiK-n  «t  Lli4  Jiivtrtiiiiema  1  Hio  infortpiii lon  in  »ii''b  B  m«nn»r  atr  m  rnat^A  |i  rcmwhi. 
rrquired  In  Iht  outlll  of  an  gbsfn'Rlory.  an  hI»d  the  mdh'  ^  ble  Ic  a  Ursn  class  ofreadera.  T  -Afii  ijrayHtivti  Ihal  Trar- 
0(J»  of  emplot'ing  tbtm,  and  (tis-  romiiuUlion*  groi^inii  |  lirni  Aatjuiiuiny  it  a  pr>od  fdvrnhimal  vubirri  evrn  tci 
■b(  ofibFir  DBF.  Ii  ireaia  pariirularly  of  Ihe  TrBiinii  Jn-  |  llmne  wlin  niiy  nevrr  (akc  otivfrvellonii,  antt  tlint  a  work 
airuineiil  and  of  Gniiliialn)  CireleM  ;  of  ilii'  TTinhod  ofd*-  like  ihiN.  of  PruT  l.oomin  ah-aald  bf  a  le>.l'l>nok  In  eTery 
irrtnininR  Lime.  latiLUHlf.  BTid  lon^itudf  .  tviih  Lhe  rampu-  j  Ilniveraily.  Thi:  waiil  cf  aurh  a  work  hao  ]an,g  been  frli 
Utmnof  CdipHif^flnOC-fL-inialioillt  TUfworK  l»  i!c*;gri'''l  ,  h^W,  sart  if  nv  aatronomical  dmira  liad  permilled,  1 
for  Ihr  UK  Of  arnalcurotiEer^GrB.  |:ra<:ilcal  alJr^'e]fOn>.  And  '  ti^ioUlil  DaVe  maiii' art  alUhllM  10  VUpl^lV  It  tt  i»  rtmiTll 
nnginetTN.  bn  widl  ms  KtuiLrn'ta  who  ari;  ellgnl^ed  in  a  '  elilc.  Clial  in  Knj;lund,  where  Pmrii.ral  AxIriaiiMh}  Is  an 
TOuncr  of  training  in  our  cotleRtB.  The  la'hlca  wlildj  a^-  !  inu-rli  BtlFiiili'il  In,  no  huuli  hnn  iHi-n  wnLien  wtiich  jn  al 
eompany  thiji  volume  are-  Hurb  bu  have  been  found  nw*l:  '  all  adapiMl  lo  niakni;  n  k'arner  Bri|iinini.n!  wiih  ihe  rereni 
tiselb.!  la  aKi:ranoirii-B]  riMnpiiiationa,  and  lo  ihi^m  liaa  j  improvemervlit  nnd  ariuHl  nlaie  of  Ihe  srlcnrr. — JiIMK.i 
l*cn  adJ<.-<l  B  •-athlDitMP  of  ITiHr*  i-Hf*.  with  Ihc  i-oriMsnlB  j  1  HM.LI».  Plumtan  Pro/Vuror  o/  Ailrunoms  "I  fht  I'fti- 
feqliirrd  for  irdiicinB  the  inrin  lo  Ihe  apparent  piniren,  rrr^ijly  tf  'iimlirulitr,  iS^iS 

L<'liL'fB  conn iicndat Dry  of  thia  wurk  have  bn-n  nTPivrd  I  The  Bcicnrc  cf  iL-o  nj;e  wd»  rrioM  aeaurMir;  in  Hani  cf 
from  C  R,  Airy.  Asiranomer  Royal  of  EnglaTid  ;  fVoTri  |  a  work  on  Prnrliral  Aitlrnnniny.  end  1  orn  ili  lii:hli-i<  In  nnd 
Wjlliini  Whcwi'lll.U  [>  ,  Mantpr  ofTniiiiy  •■ollrB'.'f'nni-  Ihul  Haul  ni>w  KupplM  from  /nitrira.  qnd  iram  ihr  [!*■« 
briiliB,  Eng.  .  fTom  Prof.  J.  ["hallln.,  I'Euinian  I'rorenHor 
nf  Aalronarny  In  tin:  linlvemdy  cT  t^'amliciilce,  Ene  :  fVacn 
J.  i'..  AdaniK,  laie-  PrcHidrnl  of  thp  Koyal  ARironnnrirBl 
Soriety ;  rW>m  Aukukeub  'Pe-  Marian,  ProfcBBor  orMaihe, 
mnika  in  t  niv^r^lLy  ''olleee,  Londcn:  from  M.  J-  John- 
aon.  Direrlor  nf  Ihe  Rn<li.'iinb  iDhKrrrBlDr;'.  Oiford.  Enii.  ; 
rrum  Wjllinm  l.snHFll,  AMrunonii-r  n^'  l.ivi'rpnul.  Eng  i 
from  C.  rjnrrj  Srnylli,  AairononiT  Ho^nl  for  i^ctrtland  ; 
from  Erisvard  J.  rocppr,  of  Markrce  t'nili-  Obaenawry, 
Irplard  .  and  from  niinif  roya  agironoinerH  from -every  pan. 
OfttlCi  UnlCnl  ^laii^ip. 

It  appears  4n  inc  Ihal  Prof.  I.oanilH'  M'orV  on  PrncllcaJ 
Ar Klrcinoniy  in  likriy  to  hi^  c)ii*ni<ivf>l>  uneful.  an  ruiilain- 
ing  [be  inool  Jvceni  inJamiaiiniL  on  iltic  subjivt,  nnd  giving 

Recent  Progress  of  Astronomy, 

•M>pM>]|i1tj  ID  the  United  Statei.     A  tboroisglilj  tdtiwiI  Edili«n  of  tfcia  Work  is  now  in  cnur»*l 

of  Preparation. 


of  I'rof  l.aomiB.  r  prnpose  In  tnako  llim  v.olullw  a  I*x1 
t>oak  for  my  claaa  of  Prarlirnl  AalioniMn)  in  Ihr  I'nuTr 
Bify  nf  Edinhargh.— t'.Piijii  SuvtBh  AntrBiuimrr  Roy 
of  for  fifotlend. 

So  work  ttihif''  Itiil  Of  PfOR'SWiT  WpodhouM  iMtm  >hr 
reader  au  din^^lly  in  ronimu meal i tin  AKilh  Uic  ifilenOr  of 
Ihe  ObiservBtoty  an  ibe  w-ork  on  Pmrlical  Anlronomy  bj 
Prof  Loomla  ,  and  hp  haa  nuj^plli'd  a  nani  urbirh  iminf 
aiiraiiomeTH,.  arcually  wiahlni;  lo  ohwrve,  niuai  ha»e  fell 
fnr  a  lotig  lime.  1i  t*  mnrr  ihan  posaihlc-  thai  thia  wori 
m-By  tsiahliMtl  i(»*irB«  n.  imi-book  m  Fiifla-nd  —  Arort 


Thia  rolmne  la  4<^ainie<)  la  p»btHi.  tn  a  jMpnlar  (brm, 
Iha  n)o«t  tinwlaiil  BHiloriomKIl  rti*-D»ffiM  of  Ihn  [knal 
cn  ycBTB.  U  Creala  ^iBrHculafly  of  Ihi^  diarovet)  Of  Hit 
plani'l  Nfptune.of  ihip  new  nnirroida,  oftTii'  nrw  FBtellnr, 
and  ibe  new  nng  nf  Sjiiurii.  of  ihe  greal  eoriii^l  of  IM3, 


Bkla'a  utm^l,  Mlis  Wlleheira  rnrjirl,  Ar.  ;  of  itie  paral 
lai  of  |1i<nd  wttra,  niniinn  of  Ihfi  iii)trk.  rv-antulion  of  IIic 
her>u]if ,  At.  ,  the  llimory  of  Atncricnil  ohwlTBlonea,  d* 
Irrminatiaia  of  loritJuidp  by  the  cteripne  Iclrgrapb.  diBnii- 
farturc  of  tekarnpeH  in  Ihi*  I'niced  Stalea,  Ae. 


HARPER   &.   QftOTHenS.   PUBLISHERS,    FRANKLIN   SaUARC,    NEW   VORK. 
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